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(57) ABSTRACT

The present invention provides methods and compositions for
treating subjects suffering from a disorder associated with a
nicotinic acetylcholine receptor (nAChR), methods for treat-
ing a subject having a disorder that would benefit from an
increase in neural plasticity, and methods for modulating the
plasticity of the primary visual cortex in subjects by modu-
lating the expression, stability, and/or activity of Lynx1.
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1
METHODS FOR TREATING NICOTINIC
ACETYLCHOLINE RECEPTOR ASSOCIATED
DISEASES

RELATED APPLICATIONS

This application claims the benefit of and priority to U.S.
Provisional Patent Application Ser. No. 61/413,109, filed on
Nov. 12, 2010, the entire contents of which are incorporated
herein by this reference.

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH OR DEVELOPMENT

This invention was made with Government support under
grant number 1DP10D003699-01 awarded by the National
Institutes of Health. The government, therefore, has certain
rights in the invention.

SEQUENCE LISTING

The instant application contains a Sequence Listing which
has been submitted via EFS-Web and is hereby incorporated
by reference in its entirety. The ASCII copy of the Sequence
Listing, created on Nov. 10,2011, is named SeqList.txt, and is
26,993 bytes in size.

BACKGROUND OF THE INVENTION

The juvenile brain exhibits a high capacity for plasticity
and repair that is severely restricted in adulthood. In the
juvenile brain, there is a biological “critical period,” when the
brain is extraordinarily adaptable. The older brain, however,
instead of easily re-molding itselfto accommodate new kinds
of inputs, is more constrained. This waxing and waning of
cortical plasticity during a postnatal critical period serves to
consolidate neural circuits and behavior, but in turn limits
recovery of function in the adult brain.

For example, discordant vision through the two eyes during
an early critical period results in the enduring loss of visual
acuity (amblyopia) that reflects aberrant circuit remodeling
within primary visual cortex (V1). Amblyopia, which affects
2 to 4% of the human population, exhibits little recovery in
adulthood (H. Morishita, T. K. Hensch, Curr. Opin. Neuro-
biol. 18, 101 (2008)).

Thus, experience-dependent brain plasticity declines after
an early critical period during which circuits are established.
Loss of plasticity with closure of the critical period limits
improvement of function in adulthood, but the mechanisms
that change the brain’s plasticity remain poorly understood.

While many processes contribute to this change in the
brain’s learning potential, there is evidence suggesting that
some of the changes are brought about by the gradual accu-
mulation of molecules that limit the brain’s adaptability. It is
believed that rather than silencing neurons outright, these
molecules help hold them in check, suppressing their ten-
dency to grow and otherwise change with experience. The
only molecules previously reported to play a role in closing
the critical period are related to axonal growth inhibition,
such as chondroitin sulfate proteoglycans and the myelin-
signaling proteins NgR and PirB (T. Pizzorusso et al., Science
298, 1248 (2002); A. W. McGee, Y et al., Science 309, 2222
(2005); J. Syken, T., et al., Science 313, 1795 (2006)).

Accordingly, there is a need in the art for the identification
of molecules that restrict adult plasticity, modulation of
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which would be of benefit to injured or dysfunctional adults to
permit recovery of neurological performance.

SUMMARY OF THE INVENTION

The present invention is based, at least in part, on the
discovery that Lynx1 expression maintains the stability of
mature cortical networks in the presence of cholinergic inner-
vation, thus, preventing plasticity in the adult brain. In par-
ticular, it has been discovered that an increase in expression of
Lynx1 protein prevents experience-dependent brain plasticity
in the primary visual cortex of mice late in life and that
inhibition of Lynx1 activity enhances nicotinic acetylcholine
receptor signaling. Accordingly, the present invention pro-
vide methods for treating subjects suffering from a disorder
associated with a nicotinic acetylcholine receptor (nAChR),
methods for treating a subject having a disorder that would
benefit from an increase in neural plasticity, and methods for
modulating the plasticity of the primary visual cortex in sub-
jects by modulating the expression and/or activity of Lynx1.

In one aspect, the present invention provides methods for
treating a subject suffering from a disorder associated with a
nicotinic actylcholine receptor. The methods include modu-
lating the levels of Lynx 1 in the subject, thereby treating the
subject suffering from a disorder associated with a nicotinic
actylcholine receptor.

In another aspect, the present invention provides methods
for treating a subject suffering from a disorder associated with
a nicotinic actylcholine receptor. The methods include
administering to the subject a moiety which modulates the
levels of Lynx1 in said subject, thereby treating the subject
suffering from a disorder associated with a nicotinic actyl-
choline receptor.

In another aspect, the present invention provides methods
for treating a subject having a disorder that would benefit
from an increase in neural plasticity. The methods include
administering to the subject a moiety which modulates the
levels of Lynx1 in said subject, thereby treating the subject
having a disorder that would benefit from an increase in
neural plasticity.

In another aspect, the present invention provides methods
for modulating the plasticity of a population of neural cells.
The methods include contacting the population of neural cells
with a moiety that modulates the levels of Lynx 1, thereby
modulating the plascticity of a population of neural cells.

In one embodiment, the moiety is a small molecule, such
asAricept® and Reminyl®. In other embodiments, the moi-
ety is an RNA(, such as a sdRNAI, or an antibody or fragment
or derivative thereof.

In one embodiment, the moiety is administered locally.

In one embodiment, the methods of the invention further
comprise administering to the subject a cholinesterase inhibi-
tor, such as, Aricept® and Reminyl®.

The disorder associated with a nicotinic actylcholine
receptor may be an ophthalmic disorder, such as amblyopia,
a mental illness, such as autism and schizophrenia, or stroke.

In one embodiment, the levels of Lynx 1 in said subject are
decreased. In another embodiment, the levels of Lynx1 in said
subject are increased.

In one embodiment, the subject is a human.

In one aspect, the present invention provides methods
modulating the plasticity of the primary visual cortex in a
subject. The methods include modulating the levels of Lynx1
in the subject, thereby modulating the plasticity of the pri-
mary visual cortex in the subject.

In another aspect, the present invention provides methods
for modulating the plasticity of the primary visual cortex in a
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subject. The methods include administering to the subject a
moiety which modulates the levels of Lynx1 in the subject,
thereby modulating the plasticity of the primary visual cortex
in said subject.

In yet another aspect, the present invention provides meth-
ods for identifying a compound useful for treating a subject
that would benefit from an increase in neural plasticity. The
methods include providing an indicator composition, con-
tacting the indicator composition with a test compound,
determining the effect of a test compound on the expression
and/or activity of Lynx1, and selecting a compound which
modulates the expression and/or activity of Lynx1, thereby
identifying a compound useful for treating a subject that
would benefit from an increase in neural plasticity.

In another aspect, the present invention provides methods
for identifying a compound useful for treating a subject that
would benefit from an increase in neural plasticity. The meth-
ods include administering a test compound to a non-human
animal model of neural plasticity, determining the effect of a
test compound on the expression and/or activity of Lynx1,
and selecting a compound which modulates the expression
and/or activity of Lynx1, thereby identifying a compound
useful for treating a subject that would benefit from an
increase in neural plasticity.

In one aspect, the present invention provides compositions.
The compositions include an inhibitor of Lynx1, and instruc-
tions for use for treating a subject suffering from a disorder
associated with a nicotinic actylcholine receptor, such as an
ophthalmic disorder, such as amblyopia, a mental illness,
such as autism and schizophrenia, or stroke.

In another aspect, the present invention provides composi-
tions which include an inhibitor of Lynx 1, and instructions for
use for treating a subject having a disorder that would benefit
from an increase in neural plasticity, such as an ophthalmic
disorder, such as amblyopia, a mental illness, such as autism
and schizophrenia, or stroke.

In another aspect, the present invention provides composi-
tions which include an inhibitor of Lynx 1, and instructions for
use for modulating the plasticity of the primary visual cortex.

Other features and advantages of the invention will be
apparent from the following detailed description and claims.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1A-1E depict that Lynx1 expression increases in
adulthood to limit visual plasticity. (A) Expression of Lynx1
protein (top) and mRNA (bottom) across the critical period
(CP) (pre-CP: P18; CP: P28; post-CP: P60). **P<0.01,
*P<0.05, oneway analysis of variance. AU, arbitrary units;
RQ, relative quantification. Data are shown as the
mean+SEM. (B) In situ hybridization of Lynx1 in adult V1
(top) and LGN (bottom). Scale bar, 100 mm (C) Adult V1
plasticity paradigm by short-term MD (Ad-MD). (D) Ad-MD
shifts the ocular dominance distribution of Lynx1 knockout
(KO) mice [bottom; contralateral bias index (CBI)=0.55,216
cells, 8 mice], but not in wild-type (WT) mice (top;
CBI=0.68, 231 cells, 9 mice). KO versus WT: P<0.0001, X>
test. (E) Cumulative probability of quantified spike response
after Ad-MD confirms shifted ocular dominance scores for
Lynx1 KO (blue filled circles), compared to WT (gray filled
circles) (**P<0.005, Kolmogorov-Smimov test) or no MD
(blue open circles, KO, 93 cells; gray open circles, WT, 82
cells; P=0.75, Kolmogorov-Smirnov test).

FIGS. 2A-2C depict Lynx2 expression in the visual sys-
tem. (A) Lynx2 mRNA expression decreases across CP.
P<0.0001, One-way ANOVA. Meanszsem. (B) In situ hybrid-
ization of lynx2 in adult V1 (upper panel) and LGN (lower
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panel). Scale, 100 um (C) Double in situ hybridization of
lynx2 (whte) & PV (gray) in adult V1. Note lynx2 does not
co-localize with PV, while lynx1 does (FIG. 4B).

FIGS. 3A-3C depict nicotinic receptors mediate adult plas-
ticity in Lynx1 KO mice. (A) Mice without MD shift equally
after MD during the CP (light blue, KO: mean CBI=0.48, 6
mice; light gray, WT: CBI=0.50, 8 mice; P>0.5, t test). Adult
plasticity (KOMD: CBI=0.55, 12 mice versus gray, WITMD:
CBI=0.68, 9 mice; ***P<0.0001, t test) is abolished by con-
current nAChR antagonists (KOMD+mecamylamine:
CBI=0.68, 9 mice versus KOMD, ***P<0.0001; versus gray,
WTMD+mecamylamine: CBI=0.69, 4 mice, P>0.7; versus
no MDKO+mecamylamine: CBI=0.68, 7 mice, P>0.9, t test;
KOMD+DHBE/MLA: CBI=0.68, 7 mice versus KOMD,
*¥4P<0.0001, t test). Darker circles represent cortical
minipump infusion. (B) Enhanced nicotine response in
Lynx1 KO mice. Averaged VEP traces (mean T SEM) before
(light gray) and 10 min after (black) subcutaneous nicotine
injection (+nic) inWT (left) and Lynx1 KOmice (right). (C)
Integrated VEP (area of first negative peak) forWT (empty
bars, 6 mice) and Lynxl KO mice (filled bars, 11 mice).
*P<0.05, t test; n.s., not significant.

FIGS. 4A-4C depict the recovery from amblyopia in Lynx1
KO mice. (A) After long-term MD (LTMD) spanning the
critical period (P19 to P33), the deprived eye was reopened
(>1 month) until VEP acuity was measured in V1 (>P60). For
AChEI experiments, physostigmine was injected daily start-
ing at P45. (B) Averaged VEP traces (left, mean+SEM; scale:
20 mV, 0.1 s) and amplitudes (right) of first negative peak
(mean+SEM) reveal acuity recovery after reopening an eye
(dark gray, 6 mice) initially deprived during the critical period
(light gray, 5 mice). (C) Visual acuity inWT mice (white bars)
without deprivation [no MD: 0.48 T 0.03 cycles per degree
(cyc/deg), 6 mice] decreases after LTMD spanning the critical
period (LTMD: 0.28+0.01 cyc/deg, 3 mice) and endures
(+eye open: 0.30 T 0.02 cyc/deg, 5 mice; versus LTMD,
P>0.45; versus no MD, P<0.0005, t test). In contrast, reopen-
ing the deprived eye together with cholinesterase inhibitor
restores vision (gray bar, AChEI: 0.48+0.06 cyc/deg, 4 mice;
versus WT+eye open, ¥*P<0.05; versus WT no MD+AChEI:
0.47+0.02 cyc/deg, 6 mice, P>0.8, t test). Lynx1 KO mice
(black bars) spontaneously recover from LTMD (0.28+0.03
cyc/deg, 5 mice) simply by reopening the deprived eye
(0.56+0.02 cyc/deg, 6 mice; ***P<0.0001, t test) to reach
normal levels (no MD: 0.56+0.04 cyc/deg, 3 mice).

FIGS. 5A-5B depict normal perineuronal nets and myeli-
nation in Lynx1 KO mice. (A) WFA staining of adult V1 in
WT (left) and lynx1 KO (middle) mice. P>0.3, t-test. (B)
MBP staining ofadult V1 in WT (left) and lynx1 KO (middle)
mice. P>0.4, t-test. Scale, 100 pm.

FIGS. 6A-6C depict that Lynx1 adjusts cortical excitatory-
inhibitory balance to regulate adult plasticity. (A) In WT
animals (left), mature excitatory-inhibitory balance is main-
tained by Lynx1 that limits nAChR response. In Lynx1 KO
mice (right), enhanced nAChR signaling leads to excitatory-
inhibitory imbalance and adult plasticity, which could be
sensitive to acute restoration of inhibition with diazepam
(DZ). (B) Double in situ hybridization of Lynx1 (white) with
GADG65 (light gray, top) or parvalbumin (PV, bottom) in adult
V1 (left). Scale bar, 100 pm. Quantification of overlapping
pixels (right) indicates selective expression of Lynx1 in a
subset (40%) of GADG65-positive interneurons, most likely
PV-positive cells (>90% colocalization). (C) Focal diazepam
infusion during adult MD in Lynx1 KO mice abolishes ocular
dominance plasticity (black, DZ: CBI=0.67, 6 mice versus
gray, vehicle (Veh): CBI=0.54, 14 mice; ***P<0.001, t test).
Dark circles represent cortical minipump infusion.
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FIGS. 7A-7B depict co-localization of nAchR B2 subunit
with lynx1 and PV in the visual system. (A) Double in situ
hybridization of lynx1 (dark gray) and nAChR 2 (white) in
adult V1 and LGN. Scale, 100 um (B) Double in situ hybrid-
ization of PV (dark gray) and nAChR (2 (white) in adult V 1.
Scale, 100 um

DETAILED DESCRIPTION OF THE INVENTION

The present invention is based, at least in part, on the
discovery that Lynx1 expression maintains the stability of
mature cortical networks in the presence of cholinergic inner-
vation, thus, preventing plasticity in the adult brain. In par-
ticular, it has been discovered that an increase in expression of
Lynx1 protein prevents experience-dependent brain plasticity
in the primary visual cortex of mice late in life and that
inhibition of Lynx1 activity enhances nicotinic acetylcholine
receptor signaling. Accordingly, the present invention pro-
vide methods for treating subjects suffering from a disorder
associated with a nicotinic acetylcholine receptor (nAChR),
methods for treating a subject having a disorder that would
benefit from an increase in neural plasticity, and methods for
modulating the plasticity of the primary visual cortex in sub-
jects by modulating the expression and/or activity of Lynx1.

1. Definitions

In order that the present invention may be more readily
understood, certain terms are first defined. In addition, it
should be noted that whenever a value or range of values of a
parameter are recited, it is intended that values and ranges
intermediate to the recited values are also intended to be part
of this invention.

In the following description, for purposes of explanation,
specific numbers, materials and configurations are set forth in
order to provide a thorough understanding of the invention. It
will be apparent, however, to one having ordinary skill in the
art that the invention may be practiced without these specific
details. In some instances, well-known features may be omit-
ted or simplified so as not to obscure the present invention.
Furthermore, reference in the specification to phrases such as
“one embodiment” or “an embodiment” means that a particu-
lar feature, structure or characteristic described in connection
with the embodiment is included in at least one embodiment
of'the invention. The appearances of phrases such as “in one
embodiment” in various places in the specification are not
necessarily all referring to the same embodiment.

The articles “a” and “an” are used herein to refer to one or
to more than one (i.e., to at least one) of the grammatical
object of the article. By way of example, “an element” means
one element or more than one element.

The term “Lynx1”, also known as “Ly6/Nuerotoxin 1”” and
“SLURP2”, refers to the endogenous prototoxin similar to
a-bungarotoxin in snake venom which binds to the nicotinic
acetylcholine receptor (nAChR), such as the major central
subunits a4p2 heteromers or a7 homomers, to reduce their
sensitivity to acetylcholine. Lynx1 is a member of the Ly-6/
neurotoxin gene family, a group of lymphocyte antigens that
attach to the cell surface by a glycosylphosphatidylinositol
anchor and have a unique structure showing conserved 8-10
cysteine residues with a characteristic spacing pattern. Func-
tional analysis indicates that this protein is not a ligand or
neurotransmitter but has the capacity to enhance nicotinic
acetylcholine receptor function in the presence of acetylcho-
line.

There are five alternative transcripts and isoforms of Lynx
1, the nucleotide and amino acid sequences of which are
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6
known and may be found in, for example, GenBank Acces-
sion Nos. GI:212286119 (SEQ ID NOs.:1 and 2),
GI1:94538331 (SEQ ID NOs.:3 and 4), G1:29294642 (SEQ ID
NOs.:5 and 6), G1:94538332 (SEQ ID NOs.:7 and 8), and
G1:94538333 (SEQ ID NOs.:9 and 10), the entire contents of
all of which are incorporatd herein by reference.

A “moiety that modulates the level of Lynx 17, an “agent
that modulates the level of Lynx 17, or a “modulator of
Lynx1” is any compound or molecule that modulates the
mRNA expression and/or protein expression of Lynx1; and/
or the mRNA and/or protein stability of Lynx1; and/or the
biological activity of Lynx1. Exemplary agents suitable for
use in the methods of the invention include interfering nucleic
acid molecules (e.g., antisense RNAs, sdRNAs, and siRNAs),
intracellular antibodies, inhibitory peptides, or small mol-
ecules. Agents suitable for use in the methods of the invention
are discussed in detail below.

The term “level of Lynx1” includes levels of Lynx1 mRNA
or cDNA, and/or protein concentration, expression, activity,
function, or stability of Lynx1 protein, DNA, mRNA, or
cDNA. In one embodiment, the term “level” as used herein
refers to the measurable quantity of Lynx1. The amount may
be either (a) an absolute amount as measured in molecules,
moles or weight per unit volume or cells or (b) a relative
amount, e.g., measured by densitometric analysis.

As used herein, the various forms of the term “modulate”
include stimulation (e.g., increasing or upregulating a par-
ticular response or activity) and inhibition (e.g., decreasing or
downregulating a particular response or activity).

As used herein, the term “inhibit” refers to a decrease in
expression, stability, and/or a biological activity of Lynx1.
For example, the term “inhibit” refers to the ability to decreas-
ing or downmodulating the expression, stability, and/or activ-
ity of Lynx1 as described herein.

Asused herein, the term “‘stimulate” refers to an increase in
expression, stability and/or a biological activity of Lynx1. For
example, the term “stimulate” refers to the ability to increas-
ing or upmodulating the expression, stability, and/or activity
of Lynx1 as described herein.

Theterm “subject” is used herein to refer to an animal, such
as a mammal, including a primate (such as a human, a non-
human primate, e.g., a monkey, and a chimpanzee), a non-
primate (such as a cow, a pig, a camel, a llama, a horse, a goat,
a rabbit, a sheep, a hamster, a guinea pig, a cat, a dog, arat, a
mouse, and a whale), a bird (e.g., a duck or a goose), and a
shark. In an embodiment, the subject is a human, such as a
human being treated or assessed for a disease, disorder or
condition, a human at risk for a disease, disorder or condition,
a human having a disease, disorder or condition, and/or
human being treated for a disease, disorder or condition as
described herein. In one embodiment, the subject is about 1,
2,3,4,5,6,7,8,9,0r 10 years of age. In another embodiment,
the subject is about 5-10, 10-15, 15-20, 20-25, 25-30, 30-35,
35-40, 40-45, 45-50, 50-55, 55-60, 60-65, 65-70, 70-75,
75-80, 80-85, 85-90, 90-95, 95-100 years of age. Values and
ranges intermediate to the above recited ranges are also
intended to be part of this invention. In addition, ranges of
values using a combination of any of the above-recited values
as upper and/or lower limits are intended to be included.

The term “administering” includes any method of delivery
of a pharmaceutical composition or moiety into a subject’s
system or to a particular region in or on a subject. In certain
embodiments, a moiety is administered intravenously, intra-
muscularly, subcutaneously, intradermally, intranasally,
orally, transcutaneously, intrathecal, intravitreally, intracere-
bral, or mucosally.



US 9,345,696 B2

7

In one embodiment, the administration of the moiety is a
local administration, e.g., intravitreal administration and
administration locally in the brain, e.g., administration to the
visual cortex, e.g., the primary visual cortex, or local admin-
istration to any area of the brain that is in need of an increase
in neural plasticity, e.g., administration to the neocortex,
administration to the auditory cortex, administration to the
motor cortex, and/or administration of the somatosensory
cortex.

As used herein, the term “contacting” (i.e., contacting a
cell, e.g., a host cell, or a subject with a moiety) includes
incubating the moiety and the, e.g., cell, together in vitro (e.g.,
adding the moiety to cells in culture) as well as administering
the moiety to a subject such that the moiety and cells or tissues
of the subject are contacted in vivo.

Asused herein, the terms “treating” or “treatment” refer to
a beneficial or desired result including, but not limited to,
alleviation or amelioration of one or more symptoms, dimin-
ishing the extent of a disorder, stabilized (i.e., not worsening)
state of a disorder, amelioration or palliation of the disorder,
whether detectable or undetectable. “Treatment” can also
mean prolonging survival as compared to expected survival in
the absence of treatment. For example, for amblyopia, the
disorder may be treated by improving vision in the amblyopic
eye. For autism, the disorder may be treated by decreasing
one or more symptoms of irritability, lethargy, and hyperac-
tivity, inadequate eye contact, and inappropriate speech. For
schizophrenia, the disorder may be treated by decreasing the
level or frequency of hallucinations, delusions, inability to
focus attention, as well as other cognitive disturbances.

As used herein, the term “effective amount” refers to the
amount of a therapy, which is sufficient to reduce or amelio-
rate the severity and/or duration of a disorder or one or more
symptoms thereof, inhibit or prevent the advancement of a
disorder, cause regression of a disorder, inhibit or prevent the
recurrence, development, onset or progression of one or more
symptoms associated with a disorder, detect a disorder, or
enhance or improve the prophylactic or therapeutic eftect(s)
of another therapy (e.g., prophylactic or therapeutic agent).
An effective amount can require more than one dose.

“Plasticity” and “neural plasticity” as used herein refer to
the ability of the central nervous system to reorganize its
connections functionally and structurally in response to
changes in environmental experience, e.g., sight, touch,
smell, feel, as part of the adaptive development of neuronal
circuitry.

Nicotinic acetylcholine receptors (nAChRs) are pentam-
eric integral membrane proteins that are members of a family
of ligand-gated ion channel receptors, which include the
GABA ,, glycine, and serotonin SHT3 , ,,,; 5 receptors. The
nAChRs mediate “fast” synaptic transmission on a millisec-
ond time frame, rapidly changing the membrane potential.
Each of the 5 constituent receptor polypeptide subunits share
acommon motifthat includes a large extracellular N-terminal
hydrophilic domain, 3 transmembranous hydrophobic
domains (termed M1-M3), an intracellular loop of variable
size that contains consensus sequences of amino acids for
enzymatic phosphorylation, and a C-terminal M4 transmem-
branous hydrophobic domain; the M2 transmembranous
domains of each of the 5 receptor polypeptide subunits are
aligned to create a potential channel, whose opening is gated
by acetylcholine. These receptors are assembled from an
extensive family of subunits. In vertebrates, the 17 nAChR
subunits (al-al10, B1-p4, v, 6 and €) can assemble into a
variety of pharmacologically distinct receptor subtypes.
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8
There are muscle-type nAChRs and neuronal nAChRs. There
is considerable diversity among the sub-family of neuronal
nAChRs.

As used herein, the term “disorder associated with a nico-
tinic actylcholine receptor” refers to any disorder or injury in
which nAChR signaling is abnormal, in which there is a
depletion of cholinergic neurons, and/or in which there is
reduction in the number of nicotinic ACh receptors. Such
disorders include, but are not limited to, ophthalmic disor-
ders, mental illness, stroke, and cognitive disorders. Non-
limiting examples of ophthalmic disorders include amblyopia
or lazy eye. Non-limiting examples of mental illness include
autism and schizophrenia. Non-limiting examples of cogni-
tive disorders include, for example, senile dementia of the
Alzheimer type, and cognitive impairment due to aging or
traumatic brain injury.

As used herein, the term “a subject having a disorder that
would benefit from an increase in neural plasticity” refers to
subject having a disorder or injury that would benefit from an
increase in the functional and structural reorganization of
central nervous system connections in response to changes in
environmental experience. Such disorders also include, but
are not limited to, ophthalmic disorders, mental illness,
stroke, and cognitive disorders. Non-limiting examples of
ophthalmic disorders include amblyopia or lazy eye. Non-
limiting examples of mental illness include autism and
schizophrenia. Non-limiting examples of cognitive disorders
include, for example, cognitive impairment due to aging or
traumatic brain injury.

The “visual cortex” of the brain is that part of the cerebral
cortex responsible for processing visual information. It is
located in the occipital lobe of the brain. The term “primary
visual cortex” (also known as the “striate cortex” or “V1”) is
anatomically equivalent to Brodmann area 17, or BA17. The
primary visual cortex, V1, is the koniocortex (sensory type)
located in and around the calcarine fissure in the occipital
lobe. Each hemisphere’s V1 receives information directly
from its ipsilateral lateral geniculate nucleus. Each V1 trans-
mits information to two primary pathways, called the dorsal
stream and the ventral stream. The dorsal stream begins with
V1, goes through Visual area V2, then to the dorsomedial area
and Visual area MT (also known as V5) and to the posterior
parietal cortex. The dorsal stream, sometimes called the
“Where Pathway” or “How Pathway”, is associated with
motion, representation of object locations, and control of the
eyes and arms, especially when visual information is used to
guide saccades or reaching. The ventral stream begins with
V1, goes through visual area V2, then through visual area V4,
and to the inferior temporal cortex. The ventral stream, some-
times called the “What Pathway”, is associated with form
recognition and object representation. It is also associated
with storage of long-term memory.

II. Methods of the Invention

The present invention provides methods for treating sub-
jects suffering from a disorder associated with a nicotinic
acetylcholine receptor (nAChR), methods for treating a sub-
ject having a disorder that would benefit from an increase in
neural plasticity, and methods for modulating the plasticity of
the primary visual cortex in a subject.

In some embodiments, the methods of the invention
include modulating the levels of Lynx1 in the subject. In other
embodiments, the methods of the invention include adminis-
tering to the subject a moiety which modulates the levels of
Lynx1 in the subject.
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The present invention also provides methods for modulat-
ing the plasticity of a neural connection in a population of
neural cells. The methods include contacting a population of
neural cells with a moiety that modulates, e.g., inhibits, the
expression, stability, and/or activity of Lynx 1.

The methods may be performed by contacting a cell (or a
plurality of cells) with the moiety in vitro and then, e.g., the
cells can be administered to an organism in vivo, or, alterna-
tively, the moiety may be administered to a subject (e.g.,
parenterally or locally) such that the cells are contacted with
the moiety in vivo.

Disorders that would benefit from the methods of the
invention include, for example, ophthalmic disorders (i.e.,
disorders ofthe eye), such as amblyopia; mental illneses, such
as schizophrenia, autism; and cognitive disorders associated
with, for example, stroke, aging, and/or traumatic or acquired
brain injury.

“Amblyopia”, “strabismic amblyopia”, “lazy eye” is a dis-
order of the visual system that is characterized by a vision
deficiency in an eye that is otherwise physically normal, or
out of proportion to associated structural abnormalities of the
eye. It has been estimated to affect 1-5% of the population.
The term lazy eye may also be used to describe strabismus
(“crossed” eye). However, while a crossed eye may become
amblyopic, not all crossed eyes are amblyopic nor are all
amblyopic eyes crossed.

A subject having amblyopia may be diagnosed by one or
skill in the art, such as an orthoptists, ophthalmologists and
optometrists, using, for example, a cover test. [fthe eye being
tested is the strabismic eye, then it will fixate on the object
after the “straight” eye is covered, as long as the vision in this
eye is good enough. If the “straight” eye is being tested, there
will be no change in fixation, as it is already fixated. Depend-
ing on the direction that the strabismic eye deviates, the
direction of deviation may be assessed. A Hirschberg test
where a flashlight is shone in the patient’s eye may also be
used. When the patient is looking at the light, a reflection can
be seen on the front surface of the pupil. If the eyes are
properly aligned with one another, then the reflection will be
in the same spot of each eye. Therefore, if the reflection is not
in the same place in each eye, then the eyes aren’t properly
aligned.

A “mental disorder” or “mental illness” is a psychological
or behavioral pattern generally associated with subjective
distress or disability that occurs in an individual, and which is
not a part of normal development or culture. Such a disorder
may consist of a combination of affective, behavioural, cog-
nitive and perceptual components.

In one embodiment, the methods of the invention may be
used to treat schizophrenia. “Schizophrenia” is a mental dis-
order characterized by a disintegration of thought processes
and of emotional responsiveness. It most commonly mani-
fests itself as auditory hallucinations, paranoid or bizarre
delusions, or disorganized speech and thinking, and it is
accompanied by significant social or occupational dysfunc-
tion. The onset of symptoms typically occurs in young adult-
hood, with a global lifetime prevalence of about 0.3-0.7%.
Diagnosis is based on criteria in either the American Psychi-
atric Association’s Diagnostic and Statistical Manual of Men-
tal Disorders, version DSM-IV-TR, or the World Health
Organization’s International Statistical Classification of Dis-
eases and Related Health Problems, the ICD-10. These crite-
ria use the self-reported experiences of the person and
reported abnormalities in behavior, followed by a clinical
assessment by a mental health professional.

Numerous studies have shown that there is a decrease in
nicotinic acetylcholine receptor expression and/or activity.
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Accordingly, a subject having schizophrenia will benefit from
treatment with a moiety that modulates, e.g., inhibits, the
expression and/or activity of Lynx1 to increase, e.g., neural
plasticity and/or nicotinic acetylcholine receptor signaling.

“Autism” is a disorder of neural development characterized
by impaired social interaction and communication, and by
restricted and repetitive behavior. A diagnosis of autism may
be made using one or more of several diagnostic instruments.
For example, the Autism Diagnostic Interview-Revised
(ADI-R) is a semistructured parent interview, and the Autism
Diagnostic Observation Schedule (ADOS) uses observation
and interaction with the child. The Childhood Autism Rating
Scale (CARS) is used widely in clinical environments to
assess severity of autism based on observation of children.
Autism is defined in the DSM-IV-TR as exhibiting at least six
symptoms total, including at least two symptoms of qualita-
tive impairment in social interaction, at least one symptom of
qualitative impairment in communication, and at least one
symptom of restricted and repetitive behavior. Sample symp-
toms include lack of social or emotional reciprocity, stereo-
typed and repetitive use of language or idiosyncratic lan-
guage, and persistent preoccupation with parts of objects.
Onset must be prior to age three years, with delays or abnor-
mal functioning in either social interaction, language as used
in social communication, or symbolic or imaginative play.

A reduction in protein expression in cortical areas for nico-
tinic acetylcholine receptors, e.g., the a4 and 2 subunits, in
autistic subjects has been observed. Accordingly, a subject
having autism will benefit from treatment with a moiety that
modulates, e.g., inhibits, the expression and/or activity of
Lynx1 to increase, e.g., neural plasticity and/or nicotinic ace-
tylcholine receptor signaling.

A “cognitive disorder” is a mental disorder that may be
short or long term interruption, in basic cognitive functions,
such as memory processing, perception, problem solving and
language. In one embodiment a cognitive disorder is schizo-
phrenia. In another embodiment, a cognitive disorder is a
stroke. In yet another embodiment, a cognitive disorder is
Alzheimer’s disease.

“Alzheimer’s disease” is characterised by a profound loss
of memory and cognitive functions caused by a severe deple-
tion of cholinergic neurons, i.e. neurons that release acetyl-
choline. A reduction in the number of nicotinic acetylcholine
receptors has also been observed with the progression of
Alzheimer’s disease. Neurons in the cortex die with the pro-
gression of Alzheimer’s disease due to, for example, lack of
stimulation of the nAChRs. Accordingly, a subject having
Alzheimer’s disease will benefit from treatment with a moi-
ety that modulates, e.g., inhibits, the expression and/or activ-
ity of Lynx1 to increase, e.g., neural plasticity and/or nico-
tinic acetylcholine receptor signaling.

Degneration of the cholinergic nervous system is also
observed in healthy aged subjects and rats. Therefore, a sub-
ject having Alzheimer’s disease will benefit from treatment
with a moiety that modulates, e.g., inhibits, the expression
and/or activity of Lynx1 to increase, e.g., neural plasticity
and/or nicotinic acetylcholine receptor signaling.

Diagnosis of cognitive disorders is typically clinically
based on patient history, collateral history from relatives, and
clinical observations, based on the presence of characteristic
neurological and neuropsychological features and the
absence of alternative conditions. Advanced medical imaging
with computed tomography (CT) or magnetic resonance
imaging (MRI), and with single photon emission computed
tomography (SPECT) or positron emission tomography
(PET) can be used. In the case of Alzheimer’s disease, these
methods may be used to exclude other cerebral pathology or
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subtypes of dementia. Moreover, they may predict conversion
from prodromal stages (mild cognitive impairment) to Alzhe-
imer’s disease. Assessment of intellectual functioning includ-
ing memory testing can further be used.

As used herein, the term “stroke” refers to the art recog-
nized pathological condition in which impairment of con-
sciousness and neurological symptom(s) are acutely induced
by a cerebrovascular disorder, which includes intracerebral
hemorrhages (hypertensive intracerebral hemorrhage and the
like), cerebral infarction, transient ischemic attack, subarach-
noid hemorrhage, cerebral thrombosis (atherothrombotic
cerebral infarction and the like), cerebral embolism (cardio-
genic cerebral embolism and the like) and lacunar infarction.
Low administration of nicotine which activates nicotinic ace-
tylcholine receptors has been observed to improve outcome
of subjects having a stroke. Accordingly, a subject having a
stoke will benefit from treatment with a moiety that modu-
lates, e.g., inhibits, the expression and/or activity of Lynx1 to
increase, e.g., neural plasticity and/or nicotinic acetylcholine
receptor signaling.

Use of an “effective amount” of the moieties of the present
invention (and therapeutic compositions comprising such
agents) is an amount effective, at dosages and for periods of
time necessary to achieve the desired result.

For example, an effective amount of a moiety may vary
according to factors such as the disease state, age, sex, repro-
ductive state, and weight, and the ability of the agent to elicit
a desired response in the organism. Dosage regimens may be
adjusted to provide the optimum response. For example, sev-
eral divided doses may be provided daily or the dose may be
proportionally reduced as indicated by the exigencies of the
situation.

The moieties of the present invention may be administered
in an amount effective to achieve a desired result and/or at a
dose that is sufficient to elicit an increase in neural plasticity
in a subject based on the mode of administration and without
significant adverse side effects.

Dose administration can be repeated depending upon the
pharmacokinetic parameters of the dosage formulation and
the route of administration used. It is also provided that cer-
tain formulations containing a moiety useful in the methods
of the invention are to be administered orally. Such formula-
tions are preferably encapsulated and formulated with suit-
able carriers in solid dosage forms. Some examples of suit-
able carriers, excipients, and diluents include lactose,
dextrose, sucrose, sorbitol, mannitol, starches, gum acacia,
calcium phosphate, alginates, calcium silicate, microcrystal-
line cellulose, olyvinylpyrrolidone, cellulose, gelatin, syrup,
methyl cellulose, methyl- and propylhydroxybenzoates, talc,
magnesium, stearate, water, mineral oil, and the like. The
formulations can additionally include lubricating agents,
wetting agents, emulsifying and suspending agents, preserv-
ing agents, sweetening agents or flavoring agents. The com-
positions may be formulated so as to provide rapid, sustained,
or delayed release of the active ingredients after administra-
tion to the organism by employing procedures well known in
the art. The formulations can also contain substances that
diminish proteolytic degradation and/or substances which
promote absorption such as, for example, surface active
agents.

It is especially advantageous to formulate compositions,
e.g., parenteral compositions, in dosage unit form for ease of
administration and uniformity of dosage. Dosage unit form as
used herein refers to physically discrete units suited as unitary
dosages for the organisms to be treated; each unit containing
a predetermined quantity of active compound calculated to
produce the desired therapeutic effect in association with the
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required pharmaceutical carrier. The specification for the dos-
age unit forms of the invention are dictated by and directly
dependent on (a) the unique characteristics of the active com-
pound and the particular therapeutic effect to be achieved, and
(b) the limitations inherent in the art of compounding such an
active compound for the treatment of sensitivity in individual
organisms. The specific dose can be readily calculated by one
of'ordinary skill in the art, e.g., according to the approximate
weight, e.g., body weight, or surface area of the organism or
the volume of space to be occupied. The dose will also be
calculated dependent upon the particular route of administra-
tion selected. Further refinement of the calculations neces-
sary to determine the appropriate dosage for treatment is
routinely made by those of ordinary skill in the art. Such
calculations can be made without undue experimentation by
one skilled in the art in light of the activity disclosed herein in
assay preparations of target cells. Exact dosages are deter-
mined in conjunction with standard dose-response studies. It
will be understood that the amount of the composition actu-
ally administered will be determined by a practitioner, in the
light of the relevant circumstances including the condition or
conditions to be treated, the choice of composition to be
administered, the age, weight, and response of the individual
organism, the severity of the organism’s symptoms, and the
chosen route of administration.

Toxicity and therapeutic efficacy of such compounds can
be determined by standard pharmaceutical procedures in cell
cultures or experimental plant and/or animal models, e.g. for
determining the LD50 (the dose lethal to 50% of the popula-
tion) and the ED50 (the dose therapeutically effective in 50%
of the population). The dose ratio between toxic and thera-
peutic effects is the therapeutic index and it can be expressed
as the ratio LD50/ED50. Compounds which exhibit large
therapeutic indices are preferred. While compounds that
exhibit toxic side effects may be used, care should be taken to
design a delivery system that targets such compounds to the
site of affected tissue in order to minimize potential damage
to uninfected cells and, thereby, reduce side effects.

The data obtained from the cell culture assays and animal
studies can be used in formulating a range of dosage for use in
humans. The dosage of such compounds lies preferably
within a range of circulating concentrations that include the
EDS50 with little or no toxicity. The dosage may vary within
this range depending upon the dosage form employed and the
route of administration utilized. For any compound used in
the method for the invention, the therapeutically effective
dose can be estimated initially from cell culture assays. A
dose may be formulated in animal models to achieve a circu-
lating plasma concentration range that includes the IC50 (i.e.,
the concentration of the test compound which achieves a
half-maximal inhibition of symptoms) as determined in cell
culture. Such information can be used to more accurately
determine useful doses in humans. Levels in plasma may be
measured, for example, by high performance liquid chroma-
tography.

The agents or pharmaceutical compositions of the present
invention can be administered by any suitable route known in
the art including for example intravenous, subcutaneous,
intramuscular, transdermal, intrathecal, intravitreally, or
intracerebral administration to cells in ex vivo treatment pro-
tocols, or delivered on a surface, e.g., a biocompatible sur-
face. Administration can be either rapid as by injection or over
aperiod of time as by slow infusion or administration of slow
release formulation.

In one embodiment, administration of a moiety of the
invention is local administration, such as intracerebroven-
tricular (into the cerebral ventricles) administration, intravit-
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real administration, administration to the visual cortex, e.g.,
the primary visual cortex, or administration to any area of the
brain that is in need of an increase in neural plasticity, e.g.,
administration to the neocortex, administration to the audi-
tory cortex, administration to the motor cortex, and/or admin-
istration of the somatosensory cortex.

In the methods of the invention in which a moiety is a
cholinesterase inhibitor, such as Aricept®, a suitable dose
may be 2 mg, 2.5 mg, 5 mg or 10 mg, once per day. In the
methods of the invention in which a moiety is a cholinesterase
inhibitor, such as Reminyl®, a suitable dose may be 2, 4, 6, or
8,10, 12, 14, 16, 18, 20, or 24, once per day.

The methods provided herein can be practiced in combi-
nation or sequentially with any other additional methods and/
or treatment currently used to treat a disorder as described
herein. For example, methods used to treat amblyopia may
further include perceptual learning methods or visual tasks
such as action-packed video games, prescription lenses,
prisms, vision therapy, eye patching, and/or botox. Methods
used to treat a cognitive disorder, such as schizophrenia may
further include treatment with antipsychotics, such as cloza-
pine, and psychosocial interventions, such as family therapy,
assertive community treatment, supported employment, cog-
nitive remediation, skills training, cognitive behavioral
therapy (CBT), token economic interventions, and psychoso-
cial interventions for substance use and weight management.
Methods used to treat Alzheimer’s disease may include, for
example, pharmaceutical, e.g., acetylcholinesterase inhibi-
tors, an NMDA receptor antagonist (e.g., noncompetitive
NMDA receptor antagonists), glutamate, antipsychotics,
psychosocial and caregiving. Methods used to treat stroke
may include physical rehabilitation. Methods used to treat
autism include, for example, treatment with antidepressants,
stimulants, and/or antipsychotics, behavior therapy, struc-
tured teaching, speech and language therapy, social skills
therapy, and occupational therapy.

In the methods of the invention, treatment of a subject
about 6 to about 20, about 7 to about 19, about 8 to about 17
years old having, for example, an ophthalmic disorder, such
as, amblyopia, may include, patching the unaffected eye daily
for about 0.5, about 1, about 1.5, about 2, about 2.5, about 3,
about 3.5, about 4, about 4.5, about 5, about 5.5, about 6,
about 6.5, about 7, about 7.5, or about 8 hours and use of about
1.5, about 2, about 2.5, about 3, about 3.5, about 4, about 4.5,
or about 5 mg daily of a cholinesterase inhibitor, e.g., done-
pezil (Aricept®), for about 5, about 6, about 7, about 8, about
9, about 10, about 11, about 12, about 13, about 14, about 15,
about 16, about 17, about 18, about 19, or about 20 weeks.

In one embodiment, a subject between about 8 and about
17 years of age and having an ophthalmic disorder, such as
ambylopia, has the unaffected eye patched for about 2 hours
per day and is administered about 2.5 mg of a cholinesterase
cholinesterase inhibitor, e.g., donepezil (Aricept®) for 12
weeks.

Treatment of a subject greater than about 18 years of age
having, for example, an ophthalmic disorder, such as,
amblyopia, may include, patching the unaffected eye daily for
about 0.5, about 1, about 1.5, about 2, about 2.5, about 3,
about 3.5, about 4, about 4.5, about 5, about 5.5, about 6,
about 6.5, about 7, about 7.5, or about 8 hours and use of about
1.5, about 2, about 2.5, about 3, about 3.5, about 4, about 4.5,
about 5, about 5.5, about 6, about 6.5., about 7, about 7.5,
about 8, about 8.5, about 9, about 9.5, or about 10 mg of a
cholinesterase inhibitor, e.g., donepezil (Aricept®), for about
5, about 6, about 7, about 8, about 9, about 10, about 11, about
12, about 13, about 14, about 15, about 16, about 17, about 18,
about 19, or about 20 weeks.
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Inone embodiment, a subject greater than about 18 years of
age and having an ophthalmic disorder, such as ambylopia,
has the unaffected eye patched for about 2 hours per day and
is administered about 5 mg of a cholinesterase cholinesterase
inhibitor, e.g., donepezil (Aricept®) for 12 weeks.

I11. Moieties for Use in the Methods of the Invention

As described herein, an increase of Lynx1 expression pre-
vents neural plasticity, i.e., neural plasticity in the primary
visual cortex, late in life as well as enhanced nicotinic ace-
tylcholine receptor signaling. Accordingly, moieties which
modulate, e.g., inhibit, Linx1 expression and/or activity and/
or molecules which enhance nicotinic acetylcholine receptor
signaling, e.g., cholinesterase inhibitors, are useful in the
methods of the invention.

In one embodiment, a moiety for use in the methods of the
invention is an inhibitory moiety. In one embodiment, an
inhibitory moiety is a small molecule, e.g., a small molecule
cholinesterase inhibitor. In another embodiment, an inhibi-
tory moiety for use in the methods of the invention is an
intracellular binding molecule that acts to specifically inhibit
the expression, stability, and/or activity of Lynx1. In another
embodiment, an inhibitory moiety for use in the methods of
the invention of the invention is a nucleic acid molecule which
acts to specifically decrease the expression, stability, and/or
activity of Lynx 1. In yet another embodiment, a stimulatory
moiety for use in the methods of the invention of the invention
is a nucleic acid molecule which acts to specifically increase
the expression, stability. and/or activity of Lynx 1.

As used herein, the term “intracellular binding molecule”
is intended to include molecules that act intracellularly to
inhibit the expression or activity of a protein by binding to the
protein or to a nucleic acid (e.g., an mRNA molecule) that
encodes the protein. Examples of intracellular binding mol-
ecules, described in further detail below, include inhibitory
nucleic acids, siRNA molecules, intracellular antibodies,
peptidic compounds that inhibit the interaction of Lynx1 with
a target molecule (e.g., a nicotinic acetylcholine receptor,
e.g., P}, heteromers or o, homomers), and chemical agents
that specifically inhibit Lynx1 activity.

The moieties can also be linked or conjugated with agents
that provide desirable pharmaceutical or pharmacodynamic
properties. For example, a moiety can be stably linked to a
polymer such as polyethylene glycol to obtain desirable prop-
erties of solubility, stability, half-life and other pharmaceuti-
cally advantageous properties. (See for example Davis et al.,
1978, Enzyme Eng 4: 169-73; Burnham, 1994, Am J Hosp
Pharm 51: 210-218, which are incorporated by reference).

Furthermore, a moiety can be in a composition which aids
in delivery into the cytosol of a cell. For example, the moiety
may be conjugated with a carrier moiety such as a liposome
that is capable of delivering the peptide into the cytosol of a
cell. Such methods are well known in the art (for example see
Amselem et al., 1993, Chem Phys Lipids 64: 219-237, which
is incorporated by reference). Alternatively, the moiety can be
modified to include specific transit peptides or fused to such
transit peptides which are capable of delivering the inhibitory
agent into a cell. In addition, the moiety can be delivered
directly into a cell by microinjection.

The compositions are usually employed in the form of
pharmaceutical preparations. Such preparations are made in a
manner well known in the pharmaceutical art. One preferred
preparation utilizes a vehicle of physiological saline solution,
but it is contemplated that other pharmaceutically acceptable
carriers such as physiological concentrations of other non-
toxic salts, five percent aqueous glucose solution, sterile
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water or the like may also be used. As used herein “pharma-
ceutically acceptable carrier” includes any and all solvents,
dispersion media, coatings, antibacterial and antifungal
agents, isotonic and absorption delaying agents, and the like.
The use of such media and agents for pharmaceutically active
substances is well known in the art. Except insofar as any
conventional media or agent is incompatible with the active
compound, use thereof in the therapeutic compositions is
contemplated. Supplementary active compounds can also be
incorporated into the compositions. It may also be desirable
that a suitable buffer be present in the composition. Such
solutions can, if desired, be lyophilized and stored in a sterile
ampoule ready for reconstitution by the addition of sterile
water for ready injection. The primary solvent can be aqueous
or alternatively non-aqueous Inhibitory agents can also be
incorporated into a solid or semi-solid biologically compat-
ible matrix which can be implanted into tissues requiring
treatment.

In one embodiment, a moiety of the invention may be
administered to a subject as a pharmaceutical composition. In
one embodiment, the invention is directed to an active com-
pound (e.g., a inhibitor of Lynx1) and a carrier. Such compo-
sitions typically comprise the inhibitory agent, e.g., as
described herein or as identified in a screening assay, e.g., as
described herein, and a pharmaceutically acceptable carrier.
Pharmaceutically acceptable carriers and methods of admin-
istration to a subject are described herein.

A pharmaceutical composition of the invention is formu-
lated to be compatible with its intended route of administra-
tion. For example, solutions or suspensions used for
parenteral, intradermal, or subcutaneous application can
include the following components: a sterile diluent such as
water for injection, saline solution, fixed oils, polyethylene
glycols, glycerine, propylene glycol or other synthetic sol-
vents; antibacterial compounds such as benzyl alcohol or
methyl parabens; antioxidants such as ascorbic acid or
sodium bisulfite; chelating compounds such as ethylenedi-
aminetetraacetic acid; buffers such as acetates, citrates or
phosphates and compounds for the adjustment of tonicity
such as sodium chloride or dextrose. pH can be adjusted with
acids or bases, such as hydrochloric acid or sodium hydrox-
ide. The parenteral preparation can be enclosed in ampoules,
disposable syringes or multiple dose vials made of glass or
plastic.

Pharmaceutical compositions suitable for injectable use
include sterile aqueous solutions (where water soluble) or
dispersions and sterile powders for the extemporaneous
preparation of sterile injectable solutions or dispersion. For
intravenous administration, suitable carriers include physi-
ological saline, bacteriostatic water, Cremophor EL™
(BASF, Parsippany, N.J.) or phosphate buffered saline (PBS).
In all cases, the composition will preferably be sterile and
should be fluid to the extent that easy syringability exists. It
will preferably be stable under the conditions of manufacture
and storage and must be preserved against the contaminating
action of microorganisms such as bacteria and fungi. The
carrier can be a solvent or dispersion medium containing, for
example, water, ethanol, polyol (for example, glycerol, pro-
pylene glycol, and liquid polyetheylene glycol, and the like),
and suitable mixtures thereof. The proper fluidity can be
maintained, for example, by the use of a coating such as
lecithin, by the maintenance of the required particle size in the
case of dispersion and by the use of surfactants. Prevention of
the action of microorganisms can be achieved by various
antibacterial and antifungal compounds, for example, para-
bens, chlorobutanol, phenol, ascorbic acid, thimerosal, and
the like. In many cases, it will be preferable to include iso-
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tonic compounds, for example, sugars, polyalcohols such as
manitol, sorbitol, sodium chloride in the composition. Pro-
longed absorption of the injectable compositions can be
brought about by including in the composition an compound
which delays absorption, for example, aluminum monostear-
ate and gelatin.

Sterile injectable solutions can be prepared by incorporat-
ing the active compound in the required amount in an appro-
priate solvent with one or a combination of ingredients enu-
merated above, as required, followed by filtered sterilization.
Generally, dispersions are prepared by incorporating the
active compound into a sterile vehicle which contains a basic
dispersion medium and the required other ingredients from
those enumerated above. In the case of sterile powders for the
preparation of sterile injectable solutions, the preferred meth-
ods of preparation are vacuum drying and freeze-drying
which yields a powder of the active ingredient plus any addi-
tional desired ingredient from a previously sterile-filtered
solution thereof.

Oral compositions generally include an inert diluent or an
edible carrier. They can be enclosed in gelatin capsules or
compressed into tablets. For the purpose of oral therapeutic
administration, the active compound can be incorporated
with excipients and used in the form of tablets, troches, or
capsules. Oral compositions can also be prepared using a fluid
carrier for use as a mouthwash, wherein the compound in the
fluid carrier is applied orally and swished and expectorated or
swallowed. Pharmaceutically compatible binding com-
pounds, and/or adjuvant materials can be included as part of
the composition. The tablets, pills, capsules, troches and the
like can contain any of the following ingredients, or com-
pounds of a similar nature: a binder such as microcrystalline
cellulose, gum tragacanth or gelatin; an excipient such as
starch or lactose, a disintegrating compound such as alginic
acid, Primogel, or corn starch; a lubricant such as magnesium
stearate or Sterotes; a glidant such as colloidal silicon diox-
ide; a sweetening compound such as sucrose or saccharin; or
a flavoring compound such as peppermint, methyl salicylate,
or orange flavoring.

In one embodiment, agents are prepared with carriers that
will protect the compound against rapid elimination from the
body, such as a controlled release formulation, including
implants and microencapsulated delivery systems. Biode-
gradable, biocompatible polymers can be used, such as eth-
ylene vinyl acetate, polyanhydrides, polyglycolic acid, col-
lagen, polyorthoesters, and polylactic acid. Methods for
preparation of such formulations will be apparent to those
skilled in the art. The materials can also be obtained commer-
cially from, e.g., Alza Corporation and Nova Pharmaceuti-
cals, Inc. Liposomal suspensions (including liposomes tar-
geted to infected cells with monoclonal antibodies to viral
antigens) can also be used as pharmaceutically acceptable
carriers. These can be prepared according to methods known
to those skilled in the art, for example, as described in U.S.
Pat. No. 4,522,811.

A. Inhibitory Moieties

i. Cholinesterase Inhibitors

Cholinesterase inhibitors, also referred to as acetylcho-
linesterase inhibitors are known in the art. Non-limiting
examples of a cholinesterase inhibitors for use in the methods
of the invention include donepezil (Aricept™), galantamine
(Razadyne™), rivastigmine (Exelon™), Tetrahydroami-
noacridine (tacrine) (brand name Cognex™). Other non-lim-
iting examples of cholinesterase inhibitors or acetylcholinest-
erase inhibitors include any of the following compounds as
well as their analogs and pharmaceutically acceptable salts:
huperzine A, Green mamba snake (Dendroaspis angusticeps)
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toxin fasciculin, metrifonate, heptyl-physostigmine, pyri-
dostigmine, norpyridostigmine, norneostigmine, physostig-
mine, velnacrine, citicoline, metrifonate, 7-methoxytacrine,
eptastigmine, icopezil, ipidacrine, zifrosilone, anseculin,
suronacrine, linopiridine, rivastigmine, neostigmine, edro-
phonium, edrophonium chloride, demacarium ambenonium,
physostigmine saliclate, physostigmine sulfate, physostig-
mine bromide, pralidoxime chloride, obidoxime chloride, tri-
medoxime bromide, and diacetyl monoxim.

ii. Interfering Nucleic Acid Molecules

The term “interfering nucleic acid molecule” or “interfer-
ing nucleic acid” as used herein includes single-stranded
RNA (e.g., mature miRNA, ssRNAi oligonucleotides, ssD-
NAi oligonucleotides), double-stranded RNA (i.e., duplex
RNA such as siRNA, Dicer-substrate dsRNA, shRNA,
aiRNA, or pre-miRNA), self-delivering RNA (sdRNA; see,
eg, U.S. Patent Publication Nos. 200913120341,
200913120315, and 201113069780, the entire contents of all
of' which are incorporated herein by reference), a DNA-RNA
hybrid (see, e.g., PCT Publication No. WO 2004/078941), or
a DNA-DNA hybrid (see, e.g., PCT Publication No. WO
2004/104199) that is capable of reducing or inhibiting the
expression (and, thus, the activity) of a target gene or
sequence (e.g., by mediating the degradation or inhibiting the
translation of mRNAs which are complementary to the inter-
fering RNA sequence) when the interfering nucleic acid is in
the same cell as the target gene or sequence. Interfering
nucleic acid thus refers to a single-stranded nucleic acid mol-
ecules that are complementary to a target mRNA sequence or
to the double-stranded RNA formed by two complementary
strands or by a single, self-complementary strand. Interfering
nucleic acids may have substantial or complete identity to the
target gene or sequence, or may comprise a region of mis-
match (i.e., a mismatch motif). The sequence of the interfer-
ing nucleic acids can correspond to the full-length target
gene, or a subsequence thereof (e.g., the gene for Lynx1, the
sequence of which is provided in, for example, SEQ ID NOs.:
1-10). Preferably, the interfering nucleic acid molecules are
chemically synthesized. The disclosures of each of the above
patent documents are herein incorporated by reference in
their entirety for all purposes.

As used herein, the term “mismatch motif” or “mismatch
region” refers to a portion of an interfering nucleic acid (e.g.,
siRNA) sequence that does not have 100% complementarity
to its target sequence. An interfering nucleic acid may have at
least one, two, three, four, five, six, or more mismatch regions.
The mismatch regions may be contiguous or may be sepa-
ratedby 1,2,3,4,5,6,7,8,9,10,11, 12, or more nucleotides.
The mismatch motifs or regions may comprise a single nucle-
otide or may comprise two, three, four, five, or more nucle-
otides.

An interfering nucleic acid comprises a nucleotide
sequence which is complementary to a “sense” nucleic acid
encoding a protein, e.g., complementary to the coding strand
of'a double-stranded cDNA molecule, complementary to an
mRNA sequence or complementary to the coding strand of a
gene. Accordingly, an interfering nucleic acid is an antisense
nucleic acid and can hydrogen bond to the sense nucleic acid.

In one embodiment, an interfering nucleic acid of the
invention is a “small-interfering RNA” or “an siRNA” mol-
ecule. In another embodiment, an interfering nucleic acid
molecules of the invention is a “self-delivering RNA™ or
“sdRNA” molecule. In one embodiment, an interfering
nucleic acid of the invention mediates RNAi. RNA interfer-
ence (RNAI) is a post-transcriptional, targeted gene-silencing
technique that uses double-stranded RNA (dsRNA) to
degrade messenger RNA (mRNA) containing the same
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sequence as the dsSRNA (Sharp, P. A. and Zamore, P. D. 287,
2431-2432 (2000); Zamore, P. D., et al. Cell 101, 25-33
(2000). Tuschl, T. et al. Genes Dev. 13, 3191-3197 (1999);
Cottrell T R, and Doering T L. 2003. Trends Microbiol. 11:37-
43; Bushman F. 2003. Mo!l. Therapy. 7:9-10; McManus M T
and Sharp P A. 2002. Nat Rev Genet. 3:737-47). The process
occurs when an endogenous ribonuclease cleaves the longer
dsRNA into shorter, e.g., 21- or 22-nucleotide-long RNAs,
termed small interfering RNAs or siRNAs. The smaller RNA
segments then mediate the degradation of the target mRNA.
Kits for synthesis of RNAi are commercially available from,
e.g. New England Biolabs or Ambion. In one embodiment
one or more of the chemistries described herein for use in
antisense RNA can be employed in molecules that mediate
RNA..

Interfering nucleic acid includes, e.g., siRNA and sdRNA,
of about 10-60, 10-50, or 10-40 (duplex) nucleotides in
length, more typically about 8-15, 10-30, 10-25, or 10-25
(duplex) nucleotides in length, about 10-24, (duplex) nucle-
otides in length (e.g., each complementary sequence of the
double-stranded siRNA is 10-60, 10-50, 10-40, 10-30, 10-25,
or 10-25 nucleotides in length, about 10-24, 11-22, or 11-23
nucleotides in length, and the double-stranded siRNA is
about 10-60, 10-50, 10-40, 10-30, 10-25, or 10-25 base pairs
in length). siRNA and sdRNA duplexes may comprise
3'-overhangs of about 1 to about 6 nucleotides and 5'-phos-
phate termini Examples of siRNA and sdRNA include, with-
out limitation, a double-stranded polynucleotide molecule
assembled from two separate stranded molecules, wherein
one strand is the sense strand and the other is the complemen-
tary antisense strand; a double-stranded polynucleotide mol-
ecule assembled from a single stranded molecule, where the
sense and antisense regions are linked by a nucleic acid-based
or non-nucleic acid-based linker; a double-stranded poly-
nucleotide molecule with a hairpin secondary structure hav-
ing self-complementary sense and antisense regions; and a
circular single-stranded polynucleotide molecule with two or
more loop structures and a stem having self-complementary
sense and antisense regions, where the circular polynucle-
otide can be processed in vivo or in vitro to generate an active
double-stranded siRNA (or sdRNA) molecule. As used
herein, the terms “siRNA” and “sdRNA’ include RNA-RNA
duplexes as well as DNA-RNA hybrids (see, e.g., PCT Pub-
lication No. WO 2004/078941).

Preferably, siRNA and sdRNA are chemically synthesized.
siRNA and sdRNA can also be generated by cleavage of
longer dsRNA (e.g., dsRNA about 5, about 10, about 15,
about 20, about 25, or greater nucleotides in length) with the
E. coli RNase IIl or Dicer. These enzymes process the dSRNA
into biologically active siRNA (see, e.g., Yang et al., Proc.
Natl. Acad. Sci. USA, 99:9942-9947 (2002); Calegari et al.,
Proc. Natl. Acad. Sci. US4, 99:14236 (2002); Byrom et al.,
Ambion TechNotes, 10(1):4-6 (2003); Kawasaki et al.,
Nucleic Acids Res., 31:981-987 (2003); Knight et al., Science,
293:2269-2271 (2001); and Robertson et al., J. Biol. Chem.,
243:82 (1968)). Preferably, dsRNA are at least 50 nucleotides
to about 100, 200, 300, 400, or 500 nucleotides in length. A
dsRNA may be as long as 1000, 1500, 2000, 5000 nucleotides
in length, or longer. The dsRNA can encode for an entire gene
transcript or a partial gene transcript. In certain instances,
siRNA or sdRNA may be encoded by a plasmid (e.g., tran-
scribed as sequences that automatically fold into duplexes
with hairpin loops).

Given the coding strand sequences encoding Lynx1 known
in the art and disclosed herein, an interfering nucleic acids of
the invention can be designed according to the rules of Watson
and Crick base pairing. The interfering nucleic acid molecule
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can be complementary to the entire coding region of Lynx1
mRNA, but more preferably is an oligonucleotide which is
antisense to only a portion of the coding or noncoding region
of Lynx1 mRNA. For example, an interfering oligonucleotide
can be complementary to the region surrounding the process-
ing site of ubiquitin and Lynx1 mRNA. An interfering RNA
oligonucleotide can be, for example, about 5, 10, 15, 20, 25,
30, 35, 40, 45 or 50 nucleotides in length. An interfering
nucleic acid of the invention can be constructed using chemi-
cal synthesis and enzymatic ligation reactions using proce-
dures known in the art. For example, an interfering nucleic
acid (e.g., an antisense oligonucleotide) can be chemically
synthesized using naturally occurring nucleotides or vari-
ously modified nucleotides designed to increase the biologi-
cal stability of the molecules or to increase the physical sta-
bility of the duplex formed between the antisense and sense
nucleic acids, e.g., phosphorothioate derivatives and acridine
substituted nucleotides can be used. Examples of modified
nucleotides which can be used to generate the interfering
nucleic acids include 5-fluorouracil, 5-bromouracil, 5-chlor-
ouracil, 5-iodouracil, hypoxanthine, xantine, 4-acetylcy-
tosine, 5-(carboxyhydroxylmethyl)uracil, 5-carboxymethy-
laminomethyl-2-thiouridine,
5-carboxymethylaminomethyluracil, dihydrouracil, beta-D-
galactosylqueosine, inosine, N6-isopentenyladenine, 1-me-
thylguanine, 1-methylinosine, 2,2-dimethylguanine, 2-me-
thyladenine, 2-methylguanine, 3-methylcytosine,
5-methylcytosine, N6-adenine, 7-methylguanine, 5-methy-
laminomethyluracil, 5-methoxyaminomethyl-2-thiouracil,
beta-D-mannosylqueosine, 5'-methoxycarboxymethyluracil,
5-methoxyuracil, 2-methylthio-N6-isopentenyladenine,
uracil-5-oxyacetic acid (v), wybutoxosine, pseudouracil,
queosine, 2-thiocytosine, S-methyl-2-thiouracil, 2-thiouracil,
4-thiouracil, 5-methyluracil, uracil-5-oxyacetic acid methyl-
ester, uracil-5-oxyacetic acid (v), S5-methyl-2-thiouracil,
3-(3-amino-3-N-2-carboxypropyl) uracil, (acp3)w, and 2,6-
diaminopurine. To inhibit expression in cells, one or more
interfering nucleic acid molecules can be used. Alternatively,
the an interfering nucleic acid can be produced biologically
using an expression vector into which a nucleic acid has been
subcloned in an antisense orientation (i.e., RNA transcribed
from the inserted nucleic acid will be of an antisense orien-
tation to a target nucleic acid of interest).

In yet another embodiment, an interfering nucleic acid
molecule of the invention is an a-anomeric nucleic acid mol-
ecule. An a-anomeric nucleic acid molecule forms specific
double-stranded hybrids with complementary RNA in which,
contrary to the usual p-units, the strands run parallel to each
other (Gaultier et al. (1987) Nucleic Acids. Res. 15:6625-
6641). The interfering nucleic acid molecule can also com-
prise a 2'-O-methylribonucleotide (Inoue et al. (1987)
Nucleic Acids Res. 15:6131-6148) or a chimeric RNA-DNA
analogue (Inoue et al. (1987) FEBS Lett. 215:327-330).

In still another embodiment, an interfering nucleic acid of
the invention is a ribozyme. Ribozymes are catalytic RNA
molecules with ribonuclease activity which are capable of
cleaving a single-stranded nucleic acid, such as an mRNA, to
which they have a complementary region. Thus, ribozymes
(e.g., hammerhead ribozymes (described in Haselhoff and
Gerlach, 1988, Nature 334:585-591) can be used to catalyti-
cally cleave Lynx1 mRNA transcripts to thereby inhibit trans-
lation of Lynx1 mRNA. A ribozyme having specificity for a
Lynx1-encoding nucleic acid can be designed based upon the
nucleotide sequence of Lynx1. For example, a derivative of a
Tetrahymena 1.-19 IVS RNA can be constructed in which the
nucleotide sequence of the active site is complementary to the
nucleotide sequence to be cleaved in a Lynxl-encoding
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mRNA. See, e.g., Cech et al. U.S. Pat. No. 4,987,071; and
Cech et al. U.S. Pat. No. 5,116,742. Alternatively, Lynx1
mRNA can be used to select a catalytic RNA having a specific
ribonuclease activity from a pool of RNA molecules. See,
e.g., Bartel, D. and Szostak, J. W., 1993, Science 261:1411-
1418.

Alternatively, gene expression can be inhibited by target-
ing nucleotide sequences complementary to the regulatory
region of Lynx1 (e.g., the ubiquitin/Lynx1 promoter and/or
enhancers) to form triple helical structures that prevent tran-
scription of the ubiquitin/Lynx1 gene in target cells. See
generally, Helene, C., 1991, Anticancer Drug Des. 6(6):569-
84; Helene, C. et al., 1992, Ann. N.Y. Acad. Sci. 660:27-36;
and Mabher, L. J., 1992, Bioassays 14(12):807-15.

In yet another embodiment, the inhibitory nucleic acid
molecules of the present invention can be modified at the base
moiety, sugar moiety or phosphate backbone to improve, e.g.,
the stability, hybridization, or solubility of the molecule. For
example, the deoxyribose phosphate backbone of the nucleic
acid molecules can be modified to generate peptide nucleic
acids (see Hyrup B. et al., 1996, Bioorganic & Medicinal
Chemistry 4 (1): 5-23). As used herein, the terms “peptide
nucleic acids” or “PNAs” refer to nucleic acid mimics, e.g.,
DNA mimics, in which the deoxyribose phosphate backbone
is replaced by a pseudopeptide backbone and only the four
natural nucleobases are retained. The neutral backbone of
PNAs has been shown to allow for specific hybridization to
DNA and RNA under conditions of low ionic strength. The
synthesis of PNA oligomers can be performed using standard
solid phase peptide synthesis protocols as described in Hyrup
B. et al., 1996, supra; Perry-O’Keefe et al., 1996, Proc. Natl.
Acad. Sci. USA 93: 14670-675.

In another embodiment, PNAs of Lynx1 can be modified,
(e.g., to enhance their stability or cellular uptake), by attach-
ing lipophilic or other helper groups to PNA, by the formation
of PNA-DNA chimeras, or by the use of liposomes or other
techniques of drug delivery known in the art. For example,
PNA-DNA chimeras of Lynx1 nucleic acid molecules can be
generated which may combine the advantageous properties
of PNA and DNA. Such chimeras allow DNA recognition
enzymes, (e.g., RNAse H and DNA polymerases), to interact
with the DNA portion while the PNA portion would provide
high binding affinity and specificity. PNA-DNA chimeras can
be linked using linkers of appropriate lengths selected in
terms of base stacking, number of bonds between the nucleo-
bases, and orientation (Hyrup B., 1996, supra). The synthesis
of PNA-DNA chimeras can be performed as described in
Hyrup B., 1996, supraand Finn P. J. etal., 1996, Nucleic Acids
Res. 24 (17): 3357-63. For example, a DNA chain can be
synthesized on a solid support using standard phosphoramid-
ite coupling chemistry and modified nucleoside analogs, e.g.,
5'-(4-methoxytrityl)amino-5'-deoxy-thymidine phosphora-
midite, can be used as a between the PNA and the 5' end of
DNA Gag, M. et al., 1989, Nucleic Acid Res. 17: 5973-88).
PNA monomers are then coupled in a stepwise manner to
produce a chimeric molecule with a 5' PNA segment and a 3'
DNA segment (Finn P. J. et al., 1996, supra). Alternatively,
chimeric molecules can be synthesized with a 5' DNA seg-
ment and a 3' PNA segment (Peterser, K. H. et al., 1975,
Bioorganic Med. Chem. Lett. 5: 1119-11124).

In other embodiments, the interfering nucleic acid may
include other appended groups such as peptides (e.g., for
targeting host cell receptors in vivo), or agents facilitating
transport across the cell membrane (see, e.g., Letsinger etal.,
1989, Proc. Natl. Acad. Sci. USA 86:6553-6556; Lemaitre et
al., 1987, Proc. Natl. Acad. Sci. USA 84:648-652; PCT Pub-
lication No. WO088/09810) or the blood-brain bather (see,
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e.g., PCT Publication No. WO89/10134). In addition, oligo-
nucleotides can be modified with hybridization-triggered
cleavage agents (See, e.g., Krol et al., 1988, Bio-Techniques
6:958-976) or intercalating agents. (See, e.g., Zon, 1988,
Pharm. Res. 5:539-549). To this end, the oligonucleotide may
be conjugated to another molecule, (e.g., a peptide, a lipo-
phillic group, hybridization triggered cross-linking agent,
transport agent, or hybridization-triggered cleavage agent).

Interfering polynucleotides may be produced from a het-
erologous expression cassette in a transfectant cell or trans-
genic cell. Alternatively, the antisense polynucleotides may
comprise soluble oligonucleotides that are administered to
the external milieu, either in the culture medium in vitro or in
the circulatory system or in interstitial fluid in vivo. Soluble
antisense polynucleotides present in the external milieu have
been shown to gain access to the cytoplasm and inhibit trans-
lation of specific mRNA species.

iii. Intracellular Antibodies

Another type of inhibitory compound or agent that can be
used to inhibit the expression and/or activity of Lynx1 protein
in a cell is an intracellular antibody specific for Lynx1. The
use of intracellular antibodies to inhibit protein function in a
cell is known in the art (see e.g., Carlson, J. R. (1988) Mol.
Cell. Biol. 8:2638-2646; Biocca, S. et al. (1990) EMBO J.
9:101-108; Werge, T. M. et al. (1990) FEBS Letters 274:193-
198; Carlson, J. R. (1993) Proc. Natl. Acad. Sci. USA
90:7427-7428; Marasco, W. A. et al. (1993) Proc. Natl. Acad.
Sci. USA 90:7889-7893; Biocca, S. et al. (1994) Bio/Technol-
ogy 12:396-399; Chen, S-Y. et al. (1994) Human Gene
Therapy 5:595-601; Duan, L et al. (1994) Proc. Natl. Acad.
Sci. US4 91:5075-5079; Chen, S-Y. et al. (1994) Proc. Natl.
Acad. Sci. USA 91:5932-5936; Beerli, R. R. et al. (1994) J.
Biol. Chem. 269:23931-23936; Beerli, R. R. et al. (1994)
Biochem. Biophys. Res. Commun. 204:666-672; Mhashilkar,
A.M.etal. (1995) EMBO J. 14:1542-1551; Richardson, J. H.
etal. (1995) Proc. Natl. Acad. Sci. USA 92:3137-3141; PCT
Publication No. WO 94/02610 by Marasco et al. and PCT
Publication No. WO 95/03832 by Duan et al.).

To inhibit protein activity using an intracellular antibody, a
recombinant expression vector is prepared which encodes the
antibody chains in a form such that, upon introduction of the
vector into a cell, the antibody chains are expressed as a
functional antibody in an intracellular compartment of the
cell.

To prepare an intracellular antibody expression vector,
antibody light and heavy chain ¢cDNAs encoding antibody
chains specific for the target protein of interest, e.g., Lynx1
protein, is isolated, typically from a hybridoma that secretes a
monoclonal antibody specific for Lynx1 protein. Anti-Lynx1
protein antibodies can be prepared by immunizing a suitable
subject, (e.g., rabbit, goat, mouse or other mammal) with a
Lynx1 protein immunogen. An appropriate immunogenic
preparation can contain, for example, recombinantly
expressed Lynx1 protein or a chemically synthesized Lynx1
peptide. The preparation can further include an adjuvant, such
as Freund’s complete or incomplete adjuvant, or similar
immunostimulatory compound. Antibody-producing cells
can be obtained from the subject and used to prepare mono-
clonal antibodies by standard techniques, such as the hybri-
doma technique originally described by Kohler and Milstein
(1975, Nature 256:495-497) (see also, Brown et al. (1981) J
Immunol 127:539-46; Brown et al. (1980) J Biol Chem 255:
4980-83; Yeh et al. (1976) PNAS 76:2927-31; and Yeh et al.
(1982) Int. J. Cancer 29:269-75). The technology for produc-
ing monoclonal antibody hybridomas is well known (see
generally R. H. Kenneth, in Monoclonal Antibodies: A New
Dimension In Biological Analyses, Plenum Publishing Corp.,
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New York, N.Y. (1980); E. A. Lerner (1981) Yale J. Biol.
Med., 54:387-402; M. L. Getter et al. (1977) Somatic Cell
Genet., 3:231-36). Briefly, an immortal cell line (typically a
myeloma) is fused to lymphocytes (typically splenocytes)
from a mammal immunized with a Lynx1 protein immunogen
as described above, and the culture supernatants of the result-
ing hybridoma cells are screened to identify a hybridoma
producing a monoclonal antibody that binds specifically to
the Lynx1 protein. Any of the many well known protocols
used for fusing lymphocytes and immortalized cell lines can
be applied for the purpose of generating an anti-Lynx1 pro-
tein monoclonal antibody (see, e.g., G. Galfre et al. (1977)
Nature, 266:550-52; Gefter et al. Somatic Cell Genet., cited
supra; Lerner, Yale J. Biol. Med., cited supra; Kenneth, Mono-
clonal Antibodies, cited supra). Moreover, the ordinary
skilled artisan will appreciate that there are many variations
of such methods which also would be useful. Typically, the
immortal cell line (e.g., a myeloma cell line) is derived from
the same mammalian species as the lymphocytes. For
example, murine hybridomas can be made by fusing lympho-
cytes from a mouse immunized with an immunogenic prepa-
ration of the present invention with an immortalized mouse
cell line. Preferred immortal cell lines are mouse myeloma
cell lines that are sensitive to culture medium containing
hypoxanthine, aminopterin and thymidine (“HAT medium”).
Any of a number of myeloma cell lines may be used as a
fusion partner according to standard techniques, e.g., the
P3-NS1/1-Ag4-1, P3-x63-Ag8.653 or Sp2/0O-Agld
myeloma lines. These myeloma lines are available from the
American Type Culture Collection (ATCC), Rockville, Md.
Typically, HAT-sensitive mouse myeloma cells are fused to
mouse splenocytes using polyethylene glycol (“PEG”).
Hybridoma cells resulting from the fusion are then selected
using HAT medium, which kills unfused and unproductively
fused myeloma cells (unfused splenocytes die after several
days because they are not transformed). Hybridoma cells
producing a monoclonal antibody that specifically binds the
mafprotein are identified by screening the hybridoma culture
supernatants for such antibodies, e.g., using a standard
ELISA assay.

Alternative to preparing monoclonal antibody-secreting
hybridomas, a monoclonal antibody that binds to Lynx1 can
be identified and isolated by screening a recombinant com-
binatorial immunoglobulin library (e.g. an antibody phage
display library) with the protein, or a peptide thereof, to
thereby isolate immunoglobulin library members that bind
specifically to the protein. Kits for generating and screening
phage display libraries are commercially available (e.g., the
Pharmacia Recombinant Phage Antibody System; and the
Stratagene SurfZAP™ Phage Display Kit). Additionally,
examples of methods and compounds particularly amenable
for use in generating and screening antibody display library
can be found in, for example, Ladner et al. U.S. Pat. No.

5,223,409; Kang et al. International Publication No. WO
92/18619; Dower et al. International Publication No. WO
91/17271, Winter et al. International Publication WO

92/20791; Markland et al. International Publication No. WO
92/15679; Breitling et al. International Publication WO
93/01288; McCafferty et al. International Publication No.
WO 92/01047; Garrard et al. International Publication No.
WO 92/09690; Fuchs et al. (1991) Bio/Technology 9:1370-
1372; Hay et al. (1992) Hum Antibod Hybridomas 3:81-85;
Huse et al. (1989) Science 246:1275-1281; Griffiths et al.
(1993) EMBO J. 12:725-734; Hawkins et al. (1992) J Mo/
Biol 226:889-896; Clarkson et al. (1991) Nature 352:624-
628; Gram et al. (1992) PNAS 89:3576-3580; Garrad et al.
(1991) Bio/Technology 9:1373-1377; Hoogenboom et al.
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(1991) Nuc Acid Res 19:4133-4137; Barbas et al. (1991)
PNAS 88:7978-7982; and McCafferty et al. Nature (1990)
348:552-554.

Once a monoclonal antibody of interest specific for Lynx1
has been identified (e.g., either a hybridoma-derived mono-
clonal antibody or a recombinant antibody from a combina-
torial library, including monoclonal antibodies to Lynx1 that
are already known in the art), DNAs encoding the light and
heavy chains of the monoclonal antibody are isolated by
standard molecular biology techniques. For hybridoma
derived antibodies, light and heavy chain ¢cDNAs can be
obtained, for example, by PCR amplification or cDNA library
screening. For recombinant antibodies, such as from a phage
display library, cDNA encoding the light and heavy chains
can be recovered from the display package (e.g., phage) iso-
lated during the library screening process. Nucleotide
sequences of antibody light and heavy chain genes from
which PCR primers or cDNA library probes can be prepared
are known in the art. For example, many such sequences are
disclosed in Kabat, E. A, et al. (1991) Sequences of Proteins
of Immunological Interest, Fifth Edition, U.S. Department of
Health and Human Services, NIH Publication No. 91-3242
and in the “Vbase” human germline sequence database.

Once obtained, the antibody light and heavy chain
sequences are cloned into a recombinant expression vector
using standard methods. As discussed above, the sequences
encoding the hydrophobic leaders of the light and heavy
chains are removed and sequences encoding a nuclear local-
ization signal (e.g., from SV40 Large T antigen) are linked
in-frame to sequences encoding either the amino- or carboxy
terminus of both the light and heavy chains. The expression
vector can encode an intracellular antibody in one of several
different forms. For example, in one embodiment, the vector
encodes full-length antibody light and heavy chains such that
a full-length antibody is expressed intracellularly. In another
embodiment, the vector encodes a full-length light chain but
only the VH/CHI region of the heavy chain such that a Fab
fragment is expressed intracellularly. In the most preferred
embodiment, the vector encodes a single chain antibody
(scFv) wherein the variable regions of the light and heavy
chains are linked by a flexible peptide linker and expressed as
a single chain molecule. To inhibit transcription factor activ-
ity in a cell, the expression vector encoding the Lynx1-spe-
cific intracellular antibody is introduced into the cell by stan-
dard transfection methods as described hereinbefore.

iv. Lynx1—Derived Peptidic Compounds

In another embodiment, an inhibitory compound of the
invention is a peptidic compound derived from the Lynx1
amino acid sequence (e.g., the sequences disclosed herein as
SEQ ID NOs.:1-10). In particular, the inhibitory compound
comprises a portion of Lynx1 (or a mimetic thereof) that
mediates interaction of Lynx1 with a target molecule such
that contact of Lynx1 with this peptidic compound competi-
tively inhibits the interaction of Lynx1 with the target mol-
ecule. Exemplary Lynx1 target molecules include neuronal
acetylcholine receptors, such as, a4f2 and o7 subunit-con-
taining nicotinic acetycholine receptors.

The peptidic compounds of the invention can be made
intracellularly in cells by introducing into the cells an expres-
sion vector encoding the peptide. Such expression vectors can
be made by standard techniques. The peptide can be
expressed in intracellularly as a fusion with another protein or
peptide (e.g., a GST fusion). Alternative to recombinant syn-
thesis of the peptides in the cells, the peptides can be made by
chemical synthesis using standard peptide synthesis tech-
niques. Synthesized peptides can then be introduced into cells
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by a variety of means known in the art for introducing pep-
tides into cells (e.g., liposome and the like).

Other inhibitory agents that can be used to specifically
inhibit the activity of an Lynx1 protein are chemical com-
pounds that directly inhibit Lynx1 activity or inhibit the inter-
action between Lynx1 and target molecules. Such compounds
can be identified using screening assays that select for such
compounds, as described in detail below.

B. Stimulatory Agents

In the stimulatory methods of the invention, a moiety
which increases the expression and/or activity of Lynx1 may
be used. Examples of such stimulatory agents include pro-
teins, nucleic acid molecules, e.g., expression vectors com-
prising nucleic acid molecules, and chemical agents that
stimulate expression and/or activity of Lynx1 in a cell.

As used herein, the term “nucleic acid molecule” is
intended to include DNA molecules (e.g., cDNA or genomic
DNA) and RNA molecules (e.g., mRNA) and analogs of the
DNA or RNA generated using nucleotide analogs. The
nucleic acid molecule can be single-stranded or double-
stranded, but preferably is double-stranded DNA. A nucleic
acid molecule used in the methods of the present invention
can be isolated using standard molecular biology techniques.
Using all or portion of a nucleic acid sequence of interest as a
hybridization probe, nucleic acid molecules can be isolated
using standard hybridization and cloning techniques (e.g., as
described in Sambrook, I., Fritsh, E. F., and Maniatis, T.
Molecular Cloning. A Laboratory Manual. 2nd, ed., Cold
Spring Harbor Laboratory, Cold Spring Harbor Laboratory
Press, Cold Spring Harbor, N.Y., 1989).

An “isolated” nucleic acid molecule is one which is sepa-
rated from other nucleic acid molecules which are present in
the natural source of the nucleic acid. For example, with
regards to genomic DNA, the term “isolated” includes nucleic
acid molecules which are separated from the chromosome
with which the genomic DNA is naturally associated. Prefer-
ably, an “isolated” nucleic acid molecule is free of sequences
which naturally flank the nucleic acid molecule (i.e.,
sequences located at the 5' and 3' ends of the nucleic acid
molecule) in the genomic DNA of the organism from which
the nucleic acid molecule is derived.

A nucleic acid molecule for use in the methods of the
invention can also be isolated by the polymerase chain reac-
tion (PCR) using synthetic oligonucleotide primers designed
based upon the sequence of a nucleic acid molecule of inter-
est. A nucleic acid molecule used in the methods of the
invention can be amplified using cDNA, mRNA or, alterna-
tively, genomic DNA as a template and appropriate oligo-
nucleotide primers according to standard PCR amplification
techniques. Furthermore, oligonucleotides corresponding to
nucleotide sequences of interest can be prepared by standard
synthetic techniques, e.g., using an automated DNA synthe-
sizer.

The nucleic acids for use in the methods of the invention
can also be prepared, e.g., by standard recombinant DNA
techniques. A nucleic acid of the invention can also be chemi-
cally synthesized using standard techniques. Various methods
of'chemically synthesizing polydeoxynucleotides are known,
including solid-phase synthesis which has been automated in
commercially available DNA synthesizers (See e.g., [takura
et al. U.S. Pat. No. 4,598,049; Caruthers et al. U.S. Pat. No.
4,458,066, and Itakura U.S. Pat. Nos. 4,401,796 and 4,373,
071, incorporated by reference herein).

A preferred stimulatory agent is a nucleic acid molecule
encoding a Lynx1 protein. For example, a cDNA (full length
or partial cDNA sequence) is cloned into a recombinant
expression vector and the vector is transfected into cells using
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standard molecular biology techniques. The cDNA can be
obtained, for example, by amplification using the polymerase
chain reaction (PCR) or by screening an appropriate cDNA
library.

Following isolation or amplification of a cDNA, the DNA
fragment is introduced into a suitable expression vector. For
example, nucleic acid molecules encoding a protein of inter-
est in the form suitable for expression of the protein in a host
cell, can be prepared using nucleotide sequences based on the
nucleic acid sequence of a nucleic acid molecule encoding the
protein of interest.

In one embodiment, a stimulatory agent can be present in
an inducible construct. In another embodiment, a stimulatory
agent can be present in a construct which leads to constitutive
expression.

In one embodiment, the nucleic acid molecules of the
invention may be delivered to cells, e.g., neuronal cells, or to
subjects using a viral vector, preferably one whose use for
gene therapy is well known in the art. Techniques for the
formation of vectors or virions are generally described in
“Working Toward Human Gene Therapy,” Chapter 28 in
Recombinant DNA, 2nd Ed., Watson, J. D. et al., eds., New
York: Scientific American Books, pp. 567-581 (1992). An
overview of suitable viral vectors or virions is provided in
Wilson, J. M., Clin. Exp. Immunol. 107(Suppl. 1):31-32
(1997), as well as Nakanishi, M., Crit. Rev. Therapeu. Drug
Carrier Systems 12:263-310 (1995); Robbins, P. D., et al.,
Trends Biotechnol. 16:35-40 (1998); Zhang, J., et al., Cancer
Metastasis Rev. 15:385-401(1996); and Kramm, C. M., et al.,
Brain Pathology 5:345-381 (1995). Such vectors may be
derived from viruses that contain RNA (Vile, R. G., et al., Br.
Med Bull. 51:12-30 (1995)) or DNA (Ali M., et al., Gene
Ther. 1:367-384 (1994)).

Examples of viral vector systems utilized in the gene
therapy art and, thus, suitable for use in the present invention,
include the following: retroviruses (Vile, R. G., supra; U.S.
Pat. Nos. 5,741,486 and 5,763,242); adenoviruses (Brody, S.
L., etal., Ann. N.Y. Acad. Sci. 716: 90-101 (1994); Heise, C.
etal., Nat. Med. 3:639-645 (1997)); adenoviral/retroviral chi-
meras (Bilbao, G., etal., FASEB J. 11:624-634 (1997); Feng,
M., et al., Nat. Biotechnol. 15:866-870 (1997)); adeno-asso-
ciated viruses (Flotte, T. R. and Carter, B. J., Gene Ther.
2:357-362 (1995); U.S. Pat. No. 5,756,283); herpes simplex
virus [ or II (Latchman, D. S., Mol. Biotechnol. 2:179-195
(1994); U.S. Pat. No. 5,763,217; Chase, M., et al., Nature
Biotechnol. 16:444-448 (1998)); parvovirus (Shaughnessy,
E., et al., Semin Oncol. 23:159-171 (1996)); reticuloendot-
heliosis virus (Donburg, R., Gene Therap. 2:301-310 (1995)).
Extrachromosomal replicating vectors may also be used in
the gene therapy methods of the present invention. Such vec-
tors are described in, for example, Calos, M. P. (1996) Trends
Genet. 12:463-466, the entire contents of which are incorpo-
rated herein by reference. Other viruses that can be used as
vectors for gene delivery include poliovirus, papillomavirus,
vaccinia virus, lentivirus, as well as hybrid or chimeric vec-
tors incorporating favorable aspects of two or more viruses
(Nakanishi, M. (1995) Crit. Rev. Therapeu. Drug Carrier
Systems 12:263-310; Zhang, J., et al. (1996) Cancer Metasta-
sis Rev. 15:385-401; Jacoby, D.R., et al. (1997) Gene Therapy
4:1281-1283).

In one embodiment, a viral vector for use in the methods of
the present invention is an AAV vector. In particular embodi-
ments, the viral vector is an AAV2/5 or AAV2/8 vector. Such
vectors are described in, for example, U.S. Pat. No. 7,056,
502, the entire contents of which are incorporated herein by
reference.
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The vector will include one or more promoters or enhanc-
ers, the selection of which will be known to those skilled in
the art. Suitable promoters include, but are not limited to, the
retroviral long terminal repeat (LTR), the SV40 promoter, the
human cytomegalovirus (CMV) promoter, and other viral and
eukaryotic cellular promoters known to the skilled artisan.

Guidance in the construction of gene therapy vectors and
the introduction thereof into affected animals for therapeutic
purposes may be obtained in the above-referenced publica-
tions, as well as in U.S. Pat. Nos. 5,631,236, 5,688,773,
5,691,177, 5,670,488, 5,529,774, 5,601,818, and PCT Publi-
cation No. WO 95/06486, the entire contents of which are
incorporated herein by reference.

Generally, methods are known in the art for viral infection
of'the cells of interest. The virus can be placed in contact with
the neuronal cell of interest or alternatively, can be injected
into a subject suffering from a disorder associated with neu-
ronal cellular starvation.

The nucleic acid molecules can also be delivered using
non-viral methods for gene transfer, preferably those whose
use in gene therapy is known in the art (Nakanishi, M., Crit.
Rev. Therapeu. Drug Carrier Systems 12:263-310 (1995);
Abdallah, B., et al., Biol Cell 85:1-7 (1995); Zhang, J., et al.,
Cancer Metastasis Rev. 15:385-401 (1996); Philips, S. C.,
Biologicals 23:13-16 (1995); Lee, R. J. and Huang, L., Crit.
Rev. Ther. Drug Carrier Syst. 14:173-206 (1997)). Examples
of such non-viral vectors for gene delivery include prokary-
otic vectors, cationic liposomes, DNA-protein complexes,
non-viral T7 autogene vectors (Chen, X., et al., Hum. Gene
Ther. 9:729-736 (1998)), fusogenic liposomes, direct injec-
tion of nucleic acid (“naked DNA”), particle or receptor-
mediated gene transfer, hybrid vectors such as DNA-aden-
ovirus conjugates or other molecular conjugates involving a
non-viral and viral component, starburstpolyamidoamine
dendrimers (Kukowska-Latallo, J. F., et al., Proc Natl Acad
Sci USA 93:4897-4902 (1996); Tang, M. X, et al., Biocon-
jug. Chem. 7:703-714 (1996)), cationic peptides (Wyman, T.
B., et al., Biochemistry 36:3008-3017 (1997)), mammalian
artificial chromosomes (Ascenzioni, F., et al., Cancer Lett.
118:135-142 (1997)), and nanoparticles (Parker Read et al. J.
Gene Med. 12:86-96 (2010); Frajo et al. PlosOne 1:E38
(2006).

In addition, the present invention provides an embodiment
of' the foregoing methods wherein the nucleic acid molecules
are delivered using any cellular vector, preferably one whose
use for gene therapy is well-established for those skilled in the
art. Examples of such cellular vectors for gene therapy
include endothelial cells (Rancourt, C., et al., Clin. Cancer
Res. 4:265-270 (1998); Qjeifo, J. O., et al., Cytokines Mol.
Ther. 2:89-101 (1996)) and macrophages including tumor-
infiltrating macrophages (Zufferey, R., etal., Nat. Biotechnol.
15:871-875 (1997); Naldini, L., et al., Science 272:263-267
(1996)), each of which may be modified using viral or non-
viral vectors to carry the desired nucleic acid molecules, and
thus express the desired gene products. Other suitable non-
viral vectors will be readily apparent to the skilled artisan.

Gene delivery can be enhanced by including an internal
ribosome entry site (IRES) sequence to achieve coordinate
expression of multiple genes on a bicistronic message. IRESs
are sequences containing 500-600 bp that are typical of the 5'
nontransduced regions of picornaviruses, including the polio-
and encephalomyocarditis viruses (EMCV). See, e.g., Ghat-
tas, 1. R., et al., Molecular and Cellular Biology 11:5848-
5859 (1991); Morgan, R. A., et al., Nucleic Acids Research
20:1293-1299 (1992). This approach has been used for effi-
cient retroviral coexpression of the two subunits of interleu-
kin-12 (Tahara, H., et al., J. Immunol. 154:6466-6474
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(1995)). Similarly, a viral sequence, the picornavirus 2A
sequence, can be used to create mRNAs encoding more than
one protein. The viral 2A peptide is 16-20 amino acids and
can be employed as a cleavage peptide located between two
proteins of interest, where it promotes their cleavage into two
separate proteins (Furler et al. Gene Ther. 8:864-873 (2001).
Another alternative is for the vector to contain multiple genes
under the control of distinct promoters.

IV. Screening Assays

Agents that modulate Lynx1 activity can be known (e.g.,
Lynx1 interfering nucleic acid molecules, Lynx1 intracellular
antibodies that interfere with Lynx1 activity, peptide inhibi-
tors derived from Lynx1) or can be identified using the meth-
ods described herein. The invention provides methods (also
referred to herein as “screening assays”) for identifying other
modulators, i.e., candidate or test compounds or agents (e.g.,
peptidomimetics, small molecules or other drugs) which
modulate Lynx1 activity and for testing or optimizing the
activity of other agents.

For example, in one embodiment, molecules which bind,
e.g., to Lynxl or a protein interacting with Lynx1, e.g., a
nicotinic acetycholine receptor, or have a stimulatory or
inhibitory effect on the expression and/or activity of Lynx1 or
a protein interacting with Lynx1 can be identified.

In one embodiment, the ability of a compound to directly
modulate the expression, post-translational modification, or
activity of Lynx1 is measured in an indicator composition
using a screening assay of the invention.

Agents that are capable of inhibiting the expression, sta-
bility, and/or activity of Lynx1, as identified by the methods
of'the invention, are useful as candidate compounds useful to
increase the neural plasticity of a subject in need thereof or to
increase the neural plasticity of a population of neural cells.

For example, in one aspect, the present invention provides
methods for identifying a compound useful for treating a
subject that would benefit from an increase in neural plastic-
ity. The methods include providing an indicator composition,
contacting the indicator composition with a test compound
(or a plurality of test compounds), determining the effect of a
test compound on the expression and/or activity of Lynx1,
and selecting a compound which modulates the expression
and/or activity of Lynx1, thereby identifying a compound
useful for treating a subject that would benefit from an
increase in neural plasticity.

In another aspect, the present invention provides methods
for identifying a compound useful for treating a subject that
would benefit from an increase in neural plasticity. The meth-
ods include administering a test compound (or a plurality of
test compounds) to a non-human animal model of neural
plasticity, determining the effect of a test compound on the
expression and/or activity of Lynx1, and selecting a com-
pound which modulates the expression and/or activity of
Lynx1, thereby identifying a compound useful for treating a
subject that would benefit from an increase in neural plastic-
ity.

Non-human animal models of neural plasticity, such as
learning and memory, animal models of brain damage are
known in the art and include, for example, monocular depri-
vation, surgical esotropia, optically induced concomitant
strabismus, and optically induced incomitant strabismus
models, sound-rearing, deafening, tactile stimulation, and
motor training models.

Examples of agents, candidate compounds or test com-
pounds include, but are not limited to, nucleic acids (e.g.,
DNA and RNA), carbohydrates, lipids, proteins, peptides,
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peptidomimetics, small molecules and other drugs. Agents
can be obtained using any of the numerous approaches in
combinatorial library methods known in the art, including:
biological libraries; spatially addressable parallel solid phase
or solution phase libraries; synthetic library methods requir-
ing deconvolution; the “one-bead one-compound” library
method; and synthetic library methods using affinity chroma-
tography selection. The biological library approach is limited
to peptide libraries, while the other four approaches are appli-
cable to peptide, non-peptide oligomer or small molecule
libraries of compounds (Lam (1997) Anticancer Drug Des.
12:145;U.S. Pat. No. 5,738,996; and U.S. Pat. No. 5,807,683,
each of which is incorporated herein in its entirety by refer-
ence).

Examples of methods for the synthesis of molecular librar-
ies can be found in the art, for example in: DeWittetal. (1993)
Proc. Natl. Acad. Sci. USA 90:6909; Erb et al. (1994) Proc.
Natl. Acad. Sci. USA 91:11422; Zuckermann et al. (1994) J.
Med. Chem. 37:2678; Cho et al. (1993) Science 261:1303,
Carrell et al. (1994) Angew. Chem. Int. Ed. Engl. 33:2059;
Carrell etal. (1994) Angew. Chem. Int. Ed. Engl. 33:2061; and
Gallop et al. (1994) J. Med. Chem. 37:1233, each of which is
incorporated herein in its entirety by reference.

Libraries of compounds may be presented, e.g., presented
in solution (e.g., Houghten (1992) Bio/Techniques 13:412-
421), or on beads (Lam (1991) Nature 354:82-84), chips
(Fodor (1993) Nature 364:555-556), bacteria (U.S. Pat. No.
5,223,409), spores (U.S. Pat. Nos. 5,571,698; 5,403,484; and
5,223,409), plasmids (Cull et al. (1992) Proc. Natl. Acad. Sci.
US4 89:1865-1869) or phage (Scott and Smith (19900 Sci-
ence 249:386-390; Devlin (1990) Science 249:404-406;
Cwirla et al. (1990) Proc. Natl. Acad. Sci. USA 87:6378-
6382; and Felici (1991) J. Mol. Biol. 222:301-310), each of
which is incorporated herein in its entirety by reference.

The indicator composition can be a cell that expresses the
Lynx1 protein or a molecule with which Lynx1 directly inter-
acts, for example, a cell that naturally expresses or has been
engineered to express the protein(s) by introducing into the
cell an expression vector encoding the protein.

Alternatively, the indicator composition can be a cell-free
composition that includes the protein(s) (e.g., a cell extract or
a composition that includes e.g., either purified natural or
recombinant protein).

Compounds that modulate expression and/or activity of
Lynx1, or a non-Lynx1 protein that interacts with Lynx1 can
be identified using various “read-outs.”

For example, an indicator cell can be transfected with an
expression vector, incubated in the presence and in the
absence of a test compound, and the effect of the compound
on the expression of the molecule or on a biological response
regulated by Lynx1 can be determined. The biological activi-
ties of Lynx1 include activities determined in vivo, or in vitro,
according to standard techniques. Activity can be a direct
activity, such as an association with a target molecule or
binding partner. Alternatively, the activity is an indirect activ-
ity, such as an increase in visual evoked potentials.

To determine whether a test compound modulates Lynx1
protein expression, in vitro transcriptional assays can be per-
formed.

To determine whether a test compound modulates Lynx1
mRNA expression, various methodologies can be performed,
such as quantitative or real-time PCR.

A variety of reporter genes are known in the art and are
suitable for use in the screening assays of the invention.
Examples, of suitable reporter genes include those which
encode chloramphenicol acetyltransferase, beta-galactosi-
dase, alkaline phosphatase, green fluorescent protein, or
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luciferase. Standard methods for measuring the activity of
these gene products are known in the art.

A variety of cell types are suitable for use as an indicator
cell in the screening assay. Preferably a cell line is used which
expresses low levels of endogenous Lynx1 and is then engi-
neered to express recombinant protein. Cells for use in the
subject assays include eukaryotic cells. For example, in one
embodiment, a cell is a fungal cell, such as a yeast cell. In
another embodiment, a cell is a plant cell. In yet another
embodiment, a cell is a vertebrate cell, e.g., an avian cell or a
mammalian cell (e.g., a murine cell, or a human cell).

The cells of the invention can express endogenous Lynx1
or can be engineered to do so. For example, a cell that has
been engineered to express the Lynx1 protein can be pro-
duced by introducing into the cell an expression vector encod-
ing the protein.

Recombinant expression vectors that can be used for
expression of, e.g., Lynx1, are known in the art. For example,
the cDNA is first introduced into a recombinant expression
vector using standard molecular biology techniques. A cDNA
can be obtained, for example, by amplification using the
polymerase chain reaction (PCR) or by screening an appro-
priate cDNA library. The nucleotide sequences of cDNAs for
or a molecule in a signal transduction pathway involving
(e.g., human, murine and yeast) are known in the art and can
be used for the design of PCR primers that allow for ampli-
fication ofa cDNA by standard PCR methods or for the design
of a hybridization probe that can be used to screen a cDNA
library using standard hybridization methods.

In another embodiment, the indicator composition is a cell
free composition. Lynx1 expressed by recombinant methods
in a host cells or culture medium can be isolated from the host
cells, or cell culture medium using standard methods for
protein purification. For example, ion-exchange chromatog-
raphy, gel filtration chromatography, ultrafiltration, electro-
phoresis, and immunoaffinity purification with antibodies
can be used to produce a purified or semi-purified protein that
can be used in a cell free composition. Alternatively, a lysate
or an extract of cells expressing the protein of interest can be
prepared for use as cell-free composition.

In one embodiment, compounds that specifically modulate
Lynx1 activity or the activity of a molecule in a signal trans-
duction pathway involving Lynx1 are identified based on
their ability to modulate the interaction of Lynx1 with a target
molecule to which Lynx1 binds. The target molecule can be a
mRNA molecule or a protein molecule. Suitable assays are
known in the art that allow for the detection of protein-protein
interactions (e.g., immunoprecipitations, two-hybrid assays
and the like) or that allow for the detection of interactions
between Lynx1 and an mRNA (e.g., electrophoretic mobility
shift assays, DNAse I footprinting assays and the like). By
performing such assays in the presence and absence of test
compounds, these assays can be used to identify compounds
that modulate (e.g., inhibit or enhance) the activity of Lynx1
with a target molecule.

Compounds identified in the subject screening assays can
be used in methods of modulating one or more of the biologi-
cal responses regulated by Lynx1. It will be understood that it
may be desirable to formulate such compound(s) as pharma-
ceutical compositions (described supra) prior to contacting
them with cells.

Once a test compound is identified that directly or indi-
rectly modulates, e.g., Lynx1 expression or activity by one of
the variety of methods described hereinbefore, the selected
test compound (or “compound of interest”) can then be fur-
ther evaluated for its effect on cells, for example by contacting
the compound of interest with cells either in vivo (e.g., by
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administering the compound of interest to an organis) or ex
vivo (e.g., by isolating cells from an organism and contacting
the isolated cells with the compound of interest or, alterna-
tively, by contacting the compound of interest with a cell line)
and determining the effect of the compound of interest on the
cells, as compared to an appropriate control (such as
untreated cells or cells treated with a control compound, or
carrier, that does not modulate the biological response).

In another aspect, the invention pertains to a combination
of'two or more of the assays described herein. For example, a
modulating agent can be identified using a cell-based or a
cell-free assay, and the ability of the agent to modulate the
activity of Lynx1 or a protein with which Lynx1 interacts can
be confirmed in vivo, e.g., in an animal, such as, for example,
an animal model for, e.g., neural plasticity.

Moreover, a modulator of Lynx1 or a molecule in a signal-
ing pathway involving Lynx1 identified as described herein
(e.g., an antisense nucleic acid molecule, or a specific anti-
body, or a small molecule) can be used in an animal model to
determine the efficacy, toxicity, or side effects of treatment
with such a modulator. Alternatively, a modulator identified
as described herein can be used in an animal model to deter-
mine the mechanism of action of such a modulator.

In another embodiment, it will be understood that similar
screening assays can be used to identify compounds that
indirectly modulate the activity and/or expression of Lynx1
e.g., by performing screening assays such as those described
above using molecules with which Lynx1 interacts, e.g., mol-
ecules that act either upstream or downstream of Lynx1 dur-
ing the critical period of neural plasticity.

The instant invention also pertains to compounds identified
in the subject screening assays.

Unless defined otherwise, all technical and scientific terms
used herein have the same meaning as commonly understood
by one of ordinary skill in the art to which this invention
belongs.

It is to be understood that this invention is not limited to
particular assay methods, or test agents and experimental
conditions described, as such methods and agents may vary. It
is also to be understood that the terminology used herein is for
the purpose of describing particular embodiments only, and is
not intended to be limiting.

The present invention is further illustrated by the following
examples, which should not be construed as further limiting.
The contents of all figures and all references, patents and
published patent applications cited throughout this applica-
tion, as well as the Figures, are expressly incorporated herein
by reference in their entirety.

EXAMPLES
Materials and Methods

The following Materials and Methods were used in the
examples below.

Animals

Wild-type (C57B1/6; SLC Japan, and Charles River USA)
and lynx1 knockout (KO) mice (J. M. Miwa et al., Neuron, 51:
587 (2006)) were used. Light-reared (LR) animals were
raised from birth on a 12-hour light/dark (L/D) cycle to vari-
ous postnatal ages. N=3 to 7 mice were used per experimental
condition for quantitative Western Blotting or immunohis-
tochemistry.

Lynx1,2 mRNA and p-actin mRNA were quantified by
real-time PCR using commercially available gene-specific
primers and TagMan gene expression assay (Applied Biosys-
tems).
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Quantitative RT-PCR

In Situ Hybridization

Mouse cDNA fragments of lynx1, lynx2, nAchR $2, PV, or
GADG65 were amplified by PCR. Probes were synthesized
using T3/T7 RNA polymerase (Roche) labeled with digoxi-
genin or fluorescein and hybridized to frozen sections. To
amplify the signal, probes were detected using anti-digoxi-
genin or fluorescein antibody conjugated to Alkaline Phos-
phatase (Roche), or the TSA-Plus DNP System (PerkinElmer
Life Sciences) in combination with fast red staining for
double FISH.

Western Blotting

Visual cortex from isoflurane-anesthetized mice was dis-
sected and white matter stripped by aspiration before homog-
enizing by sonication in 50 mM tris-HCl, pH 7.4 containing
10 mM EDTA and 1 mM PMSF. Total protein concentration
was determined by colorimetric (Bradford) assay system
(BIO RAD) and used to normalize loading. Equal amounts of
protein sample (20 or 40 pg per lane) were separated by
SDS/PAGE and transferred to PVDF membranes (ATTO
Corporation) with semi-dry blotter. Membranes were
blocked with 5% skim milk in TBS, pH7.6 containing 0.1%
Tween20 for 2 h, then treated with rabbit polyclonal anti-
Iynx1 (1:1000) (I. Ibanez-Tallon et al., Neuron, 33: 893
(2002) overnight at 4° C., washed and incubated with AP-
conjugated secondary antibody. Blots were visualized by
adding NBT/BCIP solution.

Immunohistochemistry

Mice were perfused transcardially with 0.9% saline then
4% paraformaldehyde, and brains removed into 30% sucrose/
paraformaldehyde for cryoprotection. Brains were cut in
coronal section (30 um) on a freezing microtome. Sections
were rinsed in PBS, then incubated overnight at 4° C. in
monoclonal antibody against Myelin Basic Protein (MBP:
Chemicon, 1:200) or biotin-WFA (1:400), followed by sec-
ondary antibodies (anti-mouse IgG-Alexa-488, 594, strepta-
vidin-488, 1:400).

Monocular Deprivation (MD) Procedure

Eyelid margins were trimmed by iris scissor and eyes
sutured shut under isoflurane anesthesia. Eyes were closed
4-5 days for short term MD (STMD), from P19 to >P60 for
long term MD (CP-LTMD), and from P19 to P33 for recovery
studies.

Extracellular Recording In Vivo

Electrophysiological recording was performed under nem-
butal/chlorprothixene anesthesia using standard techniques
for mice (T. K. Hensch et al., Science 282: 1504 (1998); J. A.
Gordon, M. P. Stryker, J Neurosci 16: 3274 (1996). Ocular
dominance in the binocular zone of each mouse was calcu-
lated as a contralateral bias index (CBI): [(nl-n7)+2/3(n2-
n6)+%4(n3-n5)+NJ/2N, where N=total number of cells and
nx=number of cells corresponding to ocular dominance score
ofx (J. A. Gordon, M. P. Stryker, ] Neurosci 16,3274 (1996)).
For statistical comparison of OD distributions, normalized
OD scores of single neurons were plotted as cumulative dis-
tribution for each experimental group. OD score was com-
puted by PSTH analysis of peak to baseline spiking activity in
response to each eye: {[Peak(ipsi)-baseline(ipsi)]-[Peak
(contra)-baseline(contra)] }/{[Peak(ipsi)-baseline(ipsi)] +
[Peak(contra)-baseline(contra)] }(T. Pizzorusso et al., Sci-
ence, 298: 1248 (2002)).

Visual Evoked Potentials

VEPs were recorded under nembutal/chlorprothixene
anesthesia using standard techniques in mice (V. Porciatti, T.
Pizzorusso, L. Maffei, Vision Res, 39: 3071 (1999)). A tung-
sten electrode was inserted into V1 where the maximal VEP
response is located within the visual field 20° from the verti-
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cal meridian (usually 3 mm from lambda). To record VEPs,
the electrode was advanced to a depth of 100-400 pm within
cortex where VEPs exhibit their maximal amplitude. Signals
were band-pass-filtered (0.1-100 Hz), amplified, and fed to a
computer for analysis. In brief, at least 20 events were aver-
aged in synchrony with the stimulus contrast reversal. Tran-
sient VEPs in response to abrupt contrast reversal (1 Hz) were
evaluated in the time domain by measuring the peak-to-base-
line amplitude of the major negative component. Visual
stimuli were horizontal sinusoidal gratings of different spatial
frequencies at 90% contrast. Visual acuity was obtained by
extrapolation to zero amplitude of the linear regression
through the last four to five data points along a curve of VEP
amplitude plotted against log spatial frequency.

Drug Administration

Nicotine (1 mg/kg, s.c.) was injected during VEP recording
from V1. Mecamylamine (2.5 mg/kg) or a mixture of o4d-+
a7-selective DHPE (2 mg/kg)+MLA (5 mg/kg) were admin-
istered systemically (daily, i.p.) (J. A. Davis, T. J. Gould,
Psychopharmacol., 184: 345 (2006)). Focal mecamylamine
(50 mM) or Diazepam (2 mg/ml in 50% propylene glycol)
were administered via low-flow osmotic mini-pump infusion
directly into V1 (1.0 ul/hr, 200 ml over 5-7 days; Alzet Model
2001, Alza) before recording (T. K. Hensch et al., Science
282, 1504 (1998)). Acetylcholinesterase Inhibitor (AchEI:
physostigmine, 0.1 mg/kg, i.p.) was injected daily from P45
until one day before recording.

Example 1

Lynx1, a Cholinergic Brake, Limits Plasticity in
Adult Visual Cortex

In order to identify molecules responsible for the gradual
emergence of molecular “brakes” that actively prevent plas-
ticity in the adult brain, the transcriptome of the binocular
zone in mouse V1 was analysed for molecules that are
expressed more in adulthood than during the critical period
(Plessy et al., PLoS ONE 3, e3012 (2008)). Lynx1 was iden-
tified as one such molecule. Lynx1 is an endogenous proto-
toxin similar to a-bungarotoxin in snake venom and binds to
the nicotinic acetylcholine receptor (nAChR) (J. M. Miwa et
al., Neuron 23, 105 (1999). Lynx1 expression increases only
after the critical period for amblyopia in adult V1 both at the
protein and mRNA level (FIG. 1A). Along the visual pathway,
Lynx1 transcripts were expressed both in V1 and the lateral
geniculate nucleus (LGN) (FIG. 1B). In contrast, expression
of another member of the lynx family, Lynx2, declined over
the critical period and was hardly found in the visual pathway
(FIG. 2).

Lynx1 function in the binocular region was therefore
directly assessed by electrophysiological recordings from
knockout mice. In mice lacking the Lynx1 gene, the eye
preference of single neurons (ocular dominance) was no dif-
ferent from that of wild-type mice (FIG. 1E). Upon short-
term (4 day) monocular deprivation (MD) in mature wild-
type animals (>postnatal day 60, P60), there was little change
in the visual spiking response (H. Morishita, T. K. Hensch,
Curr. Opin. Neurobiol. 18, 101 (2008). Instead, adult Lynx1
knockout mice exhibited a robust shift in responsiveness
away from the deprived eye (FIG. 1, C to E). This heightened
plasticity was specific to older ages, because short-term MD
was equally effective in both wild-type and Lynx1 knockout
mice during the critical period (FIG. 3A). Lynx1 protein
directly binds to nAChRs (1. Ibaflez-Tallon et al., Neuron 33,
893 (2002)), such as the major central subunits o3, heter-
omers or o, homomers, to reduce their sensitivity to acetyl-
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choline. The response to systemic nicotine injection in Lynx1
knockout mice was directly assessed by measuring visual
evoked potential (VEP) response in anesthetized V1.
Enhancement of the VEP response was only observed in
Lynx1 knockout mice (FIGS. 3, B and C). To test whether
nAChHR signaling mediates adult plasticity in Lynx 1 knockout
mice, the broadspectrum antagonist mecamylamine was
applied concurrent with short-term MD. Either systemic
injection or restricted infusion directly into V1 by osmotic
minipump was sufficient to prevent adult plasticity. These
results were corroborated by systemic treatment with a mix-
ture of a,- and o.,-subunit—selective nAChR antagonists (J.
A. Davis, T. I. Gould, Psychopharmacology (Berl.) 184, 345
(2006)), dihydro-f-erythroidine (DHPE) plus methyllycac-
onitine (MLA) (FIG. 3A).

To establish the clinical relevance of these findings, recov-
ery from amblyopia was directly measured in adulthood. In
wild-type mice, long-term MD spanning the entire critical
period results in a significant reduction of visual acuity as
measured directly in V1 by VEP (H. Morishita, T. K. Hensch,
Curr. Opin. Neurobiol. 18, 101 (2008)). Notably, this reduc-
tion persisted into adulthood even if the closed eye was
reopened for more than 1 month after the critical period
(FIGS. 4, A and C). Lynx1 knockout mice spontaneously
recovered visual acuity to normal levels simply by reopening
the closed eye (FIGS. 4, A and C), exhibiting VEPs even at
higher spatial frequencies (FIG. 4B). Given the cholinergic
basis of this plasticity, attempts to induce recovery even in
adult wild-type mice by enhancing endogenous ACh signal-
ing were performed. Injection of an acetylcholinesterase
inhibitor, physostigmine, during the period of eye reopening
similarly restored vision to wild-type mice initially rendered
amblyopic (FIG. 4C).

Recovery of function in Lynx1 knockout mice is likely due
to an enhanced visual responsiveness during arousal. Struc-
tural changes at the level of perineuronal nets (T. Pizzorusso
et al., Science 298, 1248 (2002)) or myelination (A. W.
McGee, Y et al., Science 309, 2222 (2005)) in Lynx1 knock-
out mice (FIG. 5) were not observed. Aging-related neurode-
generation reported previously in these animals (J. M. Miwa
et al., Neuron 51, 587 (2006)) was confirmed to occur only
past 9 months of age. Instead, local excitatory-inhibitory
circuit balance might have been affected earlier (H. Mor-
ishita, T. K. Hensch, Curr. Opin. Neurobiol. 18, 101 (2008))
(FIG. 6A). Previous reports across various species have local-
ized nAChRs to thalamocortical terminals presynaptic to
principal cells (A. A. Disney, C. Aoki, M. . Hawken, Neuron
56,701 (2007); G. T. Prusky, C. Shaw, M. S. Cynader, Brain
Res. 412,131 (1987); D. Parkinson, K. E. Kratz, N. W. Daw,
Exp. Brain Res. 73, 553 (1988); Z. Gil, B. W. Connors, Y.
Amitai, Neuron 19, 679 (1997); 1. Kruglikov, B. Rudy, Neu-
ron 58, 911 (2008)), facilitating excitation in V1 (E. Lucas-
Meunier et al., Cereb. Cortex 19,2411 (2009); M. C. Kuo, D.
D. Rasmusson, H. C. Dringenberg, Neuroscience 163, 430
(2009)). Activation of nAChRs upon specific inhibitory neu-
rons could further modulate excitatoryinhibitory balance by
disinhibition (P. Aracri et al., Cereb. Cortex 20, 1539 (2010);
M. Alkondon, et al. J. Neurosci. 20, 66 (2000)), as in the case
of'congenital nAChR mutation that disrupts GABA-mediated
transmission (E. O. Mann, 1. Mody, Curr. Opin. Neurol. 21,
155 (2008)).

Indeed, Lynx1 and nAChR mRNAs were coexpressed not
only in the LGN (FIG. 7) but also in a subpopulation of
GABA cells, primarily parvalbumin-positive interneurons
(FIG. 6B and FIG. 7B). Activation of nAChRs may also exert
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long-term epigenetic effects on GABA synthesis R. Satta et
al., Proc. Natl. Acad. Sci. U.S.4.105,16356 (2008)). To probe
whether excitatory-inhibitory imbalance may contribute to
adult plasticity in Lynx1 knockout mice, intracortical inhibi-
tion was directly restored by focal benzodiazepine infusion
from osmotic minipumps. Diazepam treatment of V1 abol-
ished adult plasticity in Lynx1 knockout mice (FIG. 6C), as
did nAChR blockade (FIG. 3A). Thus, Lynx1 reduces adult
plasticity through cholinergic signaling mechanisms that may
adjust excitatoryinhibitory balance later in life (H. Morishita,
T. K. Hensch, Curr. Opin. Neurobiol. 18, 101 (2008)).

Taken together, Lynx1 provides both a valuable endog-
enous tool with which to probe critical period closure and
offers novel therapeutic and conceptual insight. In contrast to
muscarinic receptors engaged during the critical period (Q.
Gu, W. Singer, Eur. J. Neurosci. 5, 475 (1993)), the results
presented herein highlight a nicotinic component for adult V1
plasticity. Although a role for muscarinic receptors is not
ruled out (J. L. Herrero et al., Nature 454, 1110 (2008)),
deletion of Lynx1 alone is sufficient to rescue visual acuity.
Recovery strategies aimed at the Lynx1-nAChR interaction
(J. M. Miwa et al., Neuron 23, 105 (1999); 1. Ibafiez-Tallon et
al., Neuron 33, 893 (2002).) could be fruitful in conjunction
with attentional tasks that stimulate cholinergic release (e.g.,
perceptual learning, video-game training) (M. Goard, Y. Dan,
Nat. Neurosci. 12, 1444 (2009); I. 1. Kang, E. Vaucher, PLoS
ONE 4, 5995 (2009); D. M. Levi, R. W. Li, Philos. Trans. R.
Soc. Lond. B Biol. Sci. 364, 399 (2009); M. W. Dye, C. S.
Green, D. Bavelier, Neuropsychologia 47, 1780 (2009)).
Clinically approved cholinesterase inhibitors that boost the
afferent response in human visual cortex (M. A. Silver, A.
Shenhav, M. D’Esposito, Neurorn 60, 904 (2008)) may be
useful for treating some amblyopes (FIG. 3C), including
those with subcortical changes (R. F. Hess, B. Thompson, G.
Gole, K. T. Mullen, Eur. J. Neurosci. 29, 1064 (2009)).
Amblyopia might further serve as a diagnostic measure to
identify tobacco exposure (P. Lempert, Ophthalmic Physiol.
Opt. 25, 592 (2005)) or schizophrenia (M. Suter, et al. Brain
Res. Brain Res. Rev. 48, 98 (2005).).

Although a permissive role for cholinergic input has long
been appreciated during the critical period (M. F. Bear, W.
Singer, Nature 320, 172 (1986)), it has remained a mystery
why V1 plasticity is severely restricted in adulthood even in
the presence of massive innervation from the basal forebrain.
Lynx1 expression not only contributes to nAChR agonist
binding and desensitization kinetics (J. M. Miwa et al., Neu-
ron 23, 105 (1999)), but also may respond to changes in
network activity (C. K. Pfeffer et al., J. Neurosci. 29, 3419
(2009)). Local regulation of Lynx1 levels may allow cholin-
ergic activation to induce islands of plasticity while maintain-
ing overall circuit stability. Visual attention tasks in fact pref-
erentially modulate fastspiking inhibitory neurons (J. F.
Mitchell, et al., Neuron 55, 131 (2007); Y. Chen et al., Nat.
Neurosci. 11, 974 (2008)), consistent with a convergence of
top-down influences upon local excitatory-inhibitory circuit
balance.

EQUIVALENTS

Those skilled in the art will recognize, or be able to ascer-
tain using no more that routine experimentation, many
equivalents to the specific embodiments of the invention
described herein. Such equivalents are intended to be encom-
passed by the following claims.
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SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 10

<210> SEQ I
<211> LENGT.
<212> TYPE:
<213> ORGAN

D NO 1
H: 131
PRT

ISM: Homo sapiens

<400> SEQUENCE: 1

Met Thr Pro
1

Leu Ala Gln
Cys Phe Asn

35
Thr Arg Thr
Phe Gly Gly
65

Cys Val Thr

Leu Val Thr

Gly Leu Gly
115

Asn His Asp
130

<210> SEQ I
<211> LENGT.
<212> TYPE:

Leu Leu Thr Leu Ile

Ala Leu Asp Cys His

20

Pro Met Arg Cys Pro

40

Ser Ala Ala Glu Ala

55

Cys Ser His Gly Ser

70

Thr Ala Thr Arg Val

85

Lys Met Cys His Ile

100

Pro Tyr Val Ser Ile

D NO 2
H: 1290
DNA

120

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 2

ttagggtaga

gacccatgaa

ttatgtaaag

gggctgectt

gcaggggagy

cggagetget

cgacaaacga

dcgggacgceyg

agtagaccag

ttggatccte

tceccacgety

ctcatggget

aactgcttca

tctgcagecyg

tccagatgec

accgaggatt

ctgggcctgg

agaaaaggtt

attttattac

ataattattt

gcaggectge

caggcggagy

gggectggge

c¢geggcegegy

gtgaagatag

gagctccggg

tgtgcgecac

cectectgee

tacctetgge

accccatgeg

aagccatatg

tgagggactc

tgcctetggt

gecectacgt

ttatttttcet

attttgccaa

aatatgaaca

ctteccagett

ccatgggcag

tgcaggaggg

gegagtggge

cctgeggagt

aggcagggcc

ctgagttgga

tgcagccatg

ccaggecttyg

ctgecegget

gtgtcaccag

cacccactgt

caccaagatg

atccatcget

Leu Val Val
10

Val Cys Ala
25

Ala Met Val

Ile Trp Cys

Arg Cys Leu

75

Leu Ser Asn
90

Gly Cys Pro
105

Ala Cys Cys

ttctcacatt
aaacagaacc
ttatgatggt
tgctacaggyg
cgaggcggge
cggagctggg
ggaggegget
gtecegggetg
ggceccacgt
tccagggeta
acgccectge
gactgccacyg
atggttgect
tgcacgggcet
gtcaccactyg
tgccacatag

tgctgccaga

Leu Met Gly
Tyr Asn Gly
30

Ala Tyr Cys
45

His Gln Cys

Arg Asp Ser

Thr Glu Asp

Asp Ile Pro

110

Gln Thr Ser
125

ggaaaaaatg
aataacataa
gagagggacc
accagaagcg
gegecaaagg
gecgcaagge
geggggaagg
aacacggttyg
cctetgegea
getgetgttyg
tcaccctgat
tgtgtgecta
actgcatgac
teggagggtyg
ccaccegggt
getgeccega

ccagectety

Leu Pro
15

Asp Asn

Met Thr

Thr Gly

Thr His

80

Leu Pro
95

Ser Leu

Leu Cys

aaaactttcg
gtattcaaag
acggagcaag
ggagctgage
gegecagtte
tggtgccgge
ctgggetgee
cagcactcece
ccaccctgag
acctceccac
cctggtggte
caacggagac
cacgcgcace
ctceccatgga
cctecagcaac
tatccccage

caaccatgac

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020



37

US 9,345,696 B2

38

-continued
tgacggcetge cctectecag geccceggac getcagecee cacagcecccece acagectgge 1080
geecagggete acagetgcce ctcectegag actggecage ccacctetec cggectetge 1140
agccaccgte cagcaccgcet tgtcctaggg aagtcctgeg tggagtcttg cctcaatctg 1200
ctgcecgteca agectgggge ccatcgtgce tgccgcecect tcaggtcceg acctccccac 1260
aataaaatgt gattggatcg tgtggtacaa 1290
<210> SEQ ID NO 3
<211> LENGTH: 116
<212> TYPE: PRT
<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 3
Met Thr Pro Leu Leu Thr Leu Ile Leu Val Val Leu Met Gly Leu Pro
1 5 10 15
Leu Ala Gln Ala Leu Asp Cys His Val Cys Ala Tyr Asn Gly Asp Asn
20 25 30
Cys Phe Asn Pro Met Arg Cys Pro Ala Met Val Ala Tyr Cys Met Thr
35 40 45
Thr Arg Thr Tyr Tyr Thr Pro Thr Arg Met Lys Val Ser Lys Ser Cys
50 55 60
Val Pro Arg Cys Phe Glu Thr Val Tyr Asp Gly Tyr Ser Lys His Ala
65 70 75 80
Ser Thr Thr Ser Cys Cys Gln Tyr Asp Leu Cys Asn Gly Thr Gly Leu
85 90 95
Ala Thr Pro Ala Thr Leu Ala Leu Ala Pro Ile Leu Leu Ala Thr Leu
100 105 110
Trp Gly Leu Leu
115
<210> SEQ ID NO 4
<211> LENGTH: 4967
<212> TYPE: DNA
<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 4
tttagggtag aagaaaaggt tttatttttc tttctcacat tggaaaaaat gaaaacttte 60
ggacccatga aattttatta cattttgcca aaaacagaac caataacata agtattcaaa 120
gttatgtaaa gataattatt taatatgaac attatgatgg tgagagggac cacggagcaa 180
ggggctgect tgcaggcctg ccttecaget ttgctacagg gaccagaagce gggagctgag 240
cgcaggggag gcaggceggag gecatgggea gegaggceggyg tgcgccaaag ggcgecagtt 300
cecggagetge tgggectggg ctgcaggagg geggagetgyg ggcecgcaagyg ctggtgecgg 360
ccgacaaacg acgcggegceg ggcgagtggg cggaggcegge tgcggggaayg gcetgggetge 420
cgegggacge ggtgaagata gectgeggag tgteceggget gaacacggtt gcagcactcee 480
cagtagacca ggagctccgg gaggcagggce cggcecccacyg tectetgege accaccctga 540
gttggatccet ctgtgcgceca cctgagttgg atccaggget agetgetgtt gacctcccca 600
cteccacget gecctectge ctgcagecat gacgecccetyg ctcaccctga tcecetggtggt 660
cctecatggge ttacctetgg cccaggectt ggactgcecac gtgtgtgect acaacggaga 720
caactgctte aaccccatge getgceegge tatggttgece tactgcatga ccacgegcac 780
ctactacacc cccaccagga tgaaggtcag taagtcctge gtgecccget gettcecgagac 840
tgtgtatgat ggctactcca agcacgegte caccacctee tgctgccagt acgacctcetg 900
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-continued
caacggcacce ggecttgeca ceceggecac cctggeectg gececcatee tcecetggecac 960
cctetggggt ctectectaaa geccccgagg cagacccact caagaacaaa gcetctcegaga 1020
cacactgcta caccctegea cccagctcac cctgectcac cctecacact ccectgegace 1080
tcctcageca tgcccagggt caggactgtg ggcaagaaga cacccgacct cccccaacca 1140
ccacacgacc tcacttcgag gecttgacct ttcgatgetg tgtgggatcce caaaagtgtce 1200
cggctttgat gggctgatca gcccctegee tgtccaggge tatttatggg gaggggccca 1260
gtcaggcagg gagcactgag cagatgggag ctgtggccaa geccacctte tgggaagecc 1320
taggagaggc ccctgectca gtetgecect ggtgtgetgg ggcaggggga agacaaggaa 1380
tgccecgecagg tggggtggtyg gggagactct taggaggaaa ggctcctcca ggcctagtca 1440
cgcttectac tgaggecagg agetgecagg accggtacgg gatcaggget gtgggaggag 1500
ggcetttgge accggcccct gtgctaggaa gtctgccagg cccgagttgg agccacccecce 1560
tgcaggggag ggggcggcete tgectcagea ggecccaggg cccccgaagt cacagaagcet 1620
ttttcgggte cagcaagggg tgtgtgtcct ctcagtcaaa ccccttgacg ttteccacce 1680
cctcacgggg agggcaccag gcctgaagct ggcaggagct agggccatgce tatatttggt 1740
gggtcctgga cgctgacceg gecagegeta ttetgggcag ggagggaaayg gggcagagea 1800
ggtggtccce cgagtcctgg tecccaacca cagcaggace cagccgagca aggcaaaaga 1860
cgcaggactg ggggatgege gcacaggctg ggggttggga gcagectggg gecggegegy 1920
gectgggegt gggaaggegg agcatgecac cctetegtgg cegtgegggy gegggagtgg 1980
ggagggtggyg gtggggaggg cggagaccca gcccctecee cgcagceggga tgegeacagt 2040
gagtgggtcc ctccatcace tteccacctgg ggatgcaccee actgggaggg cagggtggaa 2100
gecccagetyg ggtgtgtgga ctcccaggga ccccacccca ggectgggaa gcaggggtea 2160
geccaacacg caccaatcca tccccgatge aggtagccca gggagcacct geccctgetg 2220
tgaatggggc attcgggggc gtgagacctt ttggtgccag cggtcacgct gcacctgagg 2280
cceccacctg accagtgete ccagetetgg tgtectgaga aacccttcaa gcecatcccege 2340
atgggcagga tggtgacata tccatgtggt aggattgtcc cggccccaaa gtatggccect 2400
ggtcagggga gcccctgcectg gaaattgcat ctccagaget ttgatgcagg accectgggyg 2460
gatcagggaa tgagggtctc caccccaggg gtcteccttge agtgagtcta tatgcaggece 2520
tgcgttetge tecctggggcet ggttcectgagt gcccagette agtctectga gaacatgagg 2580
atgggagggyg gcagagtctt getgagggea cacccagtte cegetggagg aggacagtge 2640
cagtcttetyg caaagggacce ttgggtggga acgggeccegg agegggagga acgtgactcece 2700
ccagagggaa gatgggceatce atactgggece cagagetggg aaggagttge tgccagcaca 2760
gggtgggect ggactcccct cgeccctace cccagtggtt gtggectgtag ccecctaagect 2820
ggagagcagg accggcccgg ggtgtetggyg aggctgecag gtgectccca gagetcccaa 2880
gggcceccac ctgcaagtge cagectcagg gcagtgccca aatgaggecce tctcagetge 2940
agccagcgat gecttgggat gettaccggg agggaggcegg ctttgggcte ctaagtectt 3000
gggagaggct gggagcagtc actgcgeggce ttgcgcaage ccattgtegg gttgggtgge 3060
ttectecagee agggctggga gggactccag gatcaggtece tceccctgtcte gagtctcagt 3120
ggggtgatgg ggaggagacc tggccaccca tggctcaggg gcagcetgaga acaaggacct 3180
gctggagetyg gaagtgetgt ggtgttgagg ggtggggtgg gcagcettcectce acacctgect 3240
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cctgectect tetgtccace tttceccaccac cctgacctgt cccagecccca cacatggtte 3300
tgcctggetyg gectgeccectt ggcacctgge gtagagcaca cagaaggcac tcagctaatg 3360
ctgggcagge ccactcatgg ggagtgegtg getgtgcage accagggaac cggcacagca 3420
gcgecggeag aaatcacagce agtaaacttg tccgggttgt atgcatcaag gtggcgatgg 3480
acgtgggtcce ccccactgca ctgtggeccct gagcactgta tagcagcccg gcaatgggag 3540
ccattatctt gecccectttga cagaggagga cacagaggca cagggaggtg aagtagctgce 3600
cccacactag tgcctceccteg ctcactcacce acceccctgca ccacagtgca gecgcettcete 3660
ccaccagctg gggttceccttyg gacccccaag cctgggaagg gggaggtgag tttacaaaat 3720
ggaaagctta aaaggagaaa agtggaacca gaggtttgag aagccctgag tggtagagta 3780
aggcctccag cgctgectet gggtgcaggg cagagtggea gaggagaggyg ggagaggcac 3840
tgggcaccat gggggcccag ttcccactte ggggatctet ctcecgcagaac cgagggtcecce 3900
cttcatgggg gtagatgccc agggctagct gttgccactg tcectgtgtgga cctgagtect 3960
ggacatgccecc gagtgactca ggagtggctg cttgggcggg ctcectgtcacce ctaggatgtt 4020
atacattctg ggaactggac aggagtggct gcttgggegg gectctggcac cctgggatgt 4080
tatacattct gggaactgga caggagtggc tgcttgggtg ggctctggca ccctgggatg 4140
ttatacattc tgggaactgc aatcagccac tagagaagtc ggagctacag gaagtgaccce 4200
tggggtggga cctggggaca tggccaggte agcatgggga cacccggcete cagcaggagce 4260
tctggtetgt cctggggtet ttgggggcag ggctgcggece ctgggcaggce ttectcecagg 4320
cggaggtect ggggaagtgg gggagccagg ccagetgeeg ccteccccac tatgtagcat 4380
ctgattcgtc atctctcatg aaggcgattt ggttcataac tctgaaactc tgaaaaaggt 4440
caaaagaagc agagaggccc tcecggtggata tgccagettt tectgceggtg ctttcectecca 4500
ctactctggg tggtctgcte tectcttcaa acctcagetce gcagggaggg cctgaatctg 4560
ccagccecte aggatctect tecctetggg cecteccecag ccttaaggag cctceccagac 4620
agaagggtgg acagagccac ctgggcagece cgagagacac acgggggtcece tccctgtgga 4680
cagccctgece agcttceccgece cagccectgag cttcecatttge atcttgagga gtaaggggtg 4740
gtgaaatggg aatgctggtc tggctcagct ggtcecgtggge ataagtgeccce gctgaatgga 4800
tggcatctct cectectgte ttatgttcectg gggtccaggt gettecccagg gecatgccece 4860
tgctgctaat gecttgcccta acccttacce taaccagegt ccagegtcegt ctcaccgagce 4920
cgtaaataaa tcaacagatt cgcattgtca aaaaaaaaaa aaaaaaa 4967

<210> SEQ I
<211> LENGT.
<212> TYPE:

D NO 5
H: 97
PRT

<213> ORGANISM: Homo sapiens

<400> SEQUE:

Met Gln Leu
1

Leu Ala Ala
Gly Cys Ser
35

Thr Thr Ala
50

Thr Lys Met

NCE: 5

Gly Thr Gly Leu Leu

5

Ala Glu Ala Ile Trp

20

His Gly Ser Arg Cys

40

Thr Arg Val Leu Ser

55

Cys His Ile Gly Cys

Leu Ala Ala
10

Cys His Gln
25
Leu Arg Asp

Asn Thr Glu

Pro Asp Ile

Val Leu Ser
Cys Thr Gly
30

Ser Thr His
45

Asp Leu Pro
60

Pro Ser Leu

Leu Gln

15

Phe Gly

Cys Val

Leu Val

Gly Leu
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-continued

44

65 70 75 80

Gly Pro Tyr Val Ser Ile Ala Cys Cys Gln Thr Ser Leu Cys Asn His
85 90 95

Asp

<210> SEQ ID NO 6

<211> LENGTH: 589

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 6

agccegacct caccaggaga acatgcaget cggcactggg ctectgetgg ccegecgtect
gagectgecayg ctggctgcag ccgaagcecat atggtgtcac cagtgcacgg getteggagyg
gtgctcccat ggatccagat gcecctgaggga ctccacccac tgtgtcacca ctgcecacceg
ggtectcage aacaccgagg atttgectcet ggtcaccaag atgtgccaca taggctgecce
cgatatccee agectgggece tgggccecta cgtatccate gettgetgece agaccagect
ctgcaaccat gactgacggc tgccctecte caggecceeyg gacgctcage ccccacagece
cccacagect ggcgecaggg ctcacagetg ceectceccte gagactggece agceccaccte
tceeggecte tgcagecace gtccageacce gettgtecta gggaagtect gegtggagte
ttgcctcaat ctgctgeegt ccaagectgg ggeccategt gectgecgee ccttcaggte
ccgacctece cacaataaaa tgtgattgga tegtgtggta caaaaaaaa

<210> SEQ ID NO 7

<211> LENGTH: 116

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 7

Met Thr Pro Leu Leu Thr Leu Ile Leu Val Val Leu Met Gly Leu Pro
1 5 10 15

Leu Ala Gln Ala Leu Asp Cys His Val Cys Ala Tyr Asn Gly Asp Asn
Cys Phe Asn Pro Met Arg Cys Pro Ala Met Val Ala Tyr Cys Met Thr
35 40 45

Thr Arg Thr Tyr Tyr Thr Pro Thr Arg Met Lys Val Ser Lys Ser Cys
50 55 60

Val Pro Arg Cys Phe Glu Thr Val Tyr Asp Gly Tyr Ser Lys His Ala
65 70 75 80

Ser Thr Thr Ser Cys Cys Gln Tyr Asp Leu Cys Asn Gly Thr Gly Leu
85 90 95

Ala Thr Pro Ala Thr Leu Ala Leu Ala Pro Ile Leu Leu Ala Thr Leu
100 105 110

Trp Gly Leu Leu

115

<210> SEQ ID NO 8

<211> LENGTH: 4609

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 8

agggggttgyg gaagctcgaa gecgcaggece tgactctgge ctttggeate ctggggttgg

cctgggcaaa tgtgtegtga gagacggatt tgttgttete gggaaggegyg ttgcagcact

60

120

180

240

300

360

420

480

540

589

60

120
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46

-continued
cccagtagac caggagcetcce gggaggcagg gecggceccca cgtectetge gcaccaccct 180
gagttggate ctectgtgcege cacctgagtt ggatccaggg ctagetgetg ttgacctecce 240
cactecccacg ctgcectect gectgecagece atgacgccee tgctcacccet gatcectggtyg 300
gtectcatgyg gettacctet ggcccaggcece ttggactgece acgtgtgtge ctacaacgga 360
gacaactgct tcaaccccat gcgetgecceg getatggttg cctactgecat gaccacgege 420
acctactaca cccccaccag gatgaaggtce agtaagtcect gegtgccceeg ctgcttegag 480
actgtgtatg atggctactc caagcacgceg tccaccacct cctgetgeca gtacgaccte 540
tgcaacggca ccggecttge caccceggece accctggece tggeccccat cctectggece 600
accctetggg gtctecteta aagcccecga ggcagaccca ctcaagaaca aagctctcga 660
gacacactge tacacccteg cacccagetce accctgecte accctecaca cteectgega 720
cctectcage catgeccagg gtcaggactg tgggcaagaa gacacccgac ctcccccaac 780
caccacacga cctcacttcg aggccttgac ctttegatge tgtgtgggat cccaaaagtg 840
tceggetttyg atgggetgat cagccecteg cetgtcecagyg getatttatg gggaggggece 900
cagtcaggca gggagcactg agcagatggg agetgtggece aagceccacct tctgggaage 960
cctaggagag gcccectgect cagtctgecce ctggtgtget ggggcagggy gaagacaagg 1020
aatgccegca ggtggggtgg tggggagact cttaggagga aaggctcctce caggcectagt 1080
cacgcttect actgaggcca ggagctgeca ggaccggtac gggatcaggyg ctgtgggagg 1140
agggcctttg gecaccggecce ctgtgctagg aagtctgceca ggcccgagtt ggagccaccce 1200
cctgecagggg agggggegge tctgcectcag caggccccag ggceccccgaa gtcacagaag 1260
cttttteggg tccagcaagyg ggtgtgtgte ctectcagtca aaccccttga cgtttceccac 1320
ccectecacgg ggagggcacce aggcctgaag ctggcaggag ctagggccat gcectatatttg 1380
gtgggtcectyg gacgctgace cggecagege tattctggge agggagggaa aggggcagag 1440
caggtggtcee cccgagtect ggtccccaac cacagcagga cccagccgag caaggcaaaa 1500
gacgcaggac tgggggatge gcgcacaggce tgggggttgg gagcagectg gggecggege 1560
gggectggge gtgggaagge ggagcatgcece accctetegt ggccegtgegyg gggegggagt 1620
ggggagggty gggtggggag ggcggagacc cagcccectcee cecgcagegg gatgegcaca 1680
gtgagtgggt ccctccatca ccttceccacct ggggatgcac ccactgggag ggcagggtgg 1740
aagccccage tgggtgtgtg gactcccagg gaccccaccee caggectggyg aagcaggggt 1800
cagceccaaca cgcaccaatc catccececgat gecaggtagece cagggagcac ctgeccectge 1860
tgtgaatggg gcattcgggg gcegtgagacce ttttggtgcce agcggtcacg ctgcacctga 1920
ggcececcace tgaccagtgce tcccagetcect ggtgtectga gaaacccttce aagccatcecce 1980
gcatgggcag gatggtgaca tatccatgtg gtaggattgt cccggcccca aagtatggece 2040
ctggtcaggg gagcccctge tggaaattgce atctccagag ctttgatgca ggacccctgg 2100
gggatcaggg aatgagggtc tccaccccag gggtctcectt gcagtgagtce tatatgcagg 2160
cctgegttet getectgggg ctggttetga gtgeccaget tcagtctcect gagaacatga 2220
ggatgggagyg gggcagagtc ttgctgaggg cacacccagt teccgcetgga ggaggacagt 2280
gecagtette tgcaaaggga ccttgggtgg gaacgggece ggagcgggag gaacgtgact 2340
ccecagaggg aagatgggca tcatactggg cecagagetyg ggaaggagtt gcetgecagea 2400
cagggtgggce ctggactccce ctecgececcta cceccagtgg ttgtggctgt ageccctaagce 2460
ctggagagca ggaccggecce ggggtgtetg ggaggctgece aggtgcctece cagagetcce 2520
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aagggcccce acctgcaagt gccagectca gggcagtgece caaatgagge cctctcaget 2580
gcagccageg atgecttggg atgcttaccg ggagggaggce ggctttgggce tcectaagtcece 2640
ttgggagagg ctgggagcag tcactgcgcg gcttgcgcaa geccattgte gggttgggtg 2700
gcttectecag ccagggctgg gagggactcce aggatcaggt cctcecctgtce tcgagtcetca 2760
gtggggtgat ggggaggaga cctggccacce catggctcag gggcagctga gaacaaggac 2820
ctgctggagce tggaagtgct gtggtgttga ggggtggggt gggcagcttce tcacacctgce 2880
ctecctgecte cttcetgteca ccectttecace accctgacct gtcccagcecece cacacatggt 2940
tctgectgge tggectgece ttggcacctg gcgtagagca cacagaaggce actcagctaa 3000
tgctgggcag gcccactcat ggggagtgeg tggetgtgea gcaccaggga accggcacag 3060
cagcgceceggce agaaatcaca gcagtaaact tgtccgggtt gtatgcatca aggtggcgat 3120
ggacgtgggt ccccccactg cactgtggece ctgagcactg tatagcagcec cggcaatggg 3180
agccattatce ttgccccttt gacagaggag gacacagagg cacagggagg tgaagtagcet 3240
gcceccacact agtgectect cgctcactca ccacceccctg caccacagtg cageccgette 3300
tceccaccage tggggttect tggaccccca agectgggaa gggggaggtg agtttacaaa 3360
atggaaagct taaaaggaga aaagtggaac cagaggtttg agaagccctg agtggtagag 3420
taaggcctee agegetgect ctgggtgecag ggcagagtgyg cagaggagag ggggagagge 3480
actgggcacc atgggggccc agttcccact tcggggatct ctctecgcaga accgagggtce 3540
ccettecatgg gggtagatge ccagggctag ctgttgcecac tgtcectgtgtg gacctgagtce 3600
ctggacatgc ccgagtgact caggagtggce tgcttgggceg ggctctgtca cectaggatg 3660
ttatacattc tgggaactgg acaggagtgg ctgcttgggce gggctctgge accctgggat 3720
gttatacatt ctgggaactg gacaggagtg gctgcttggg tgggctctgg caccctggga 3780
tgttatacat tctgggaact gcaatcagcc actagagaag tcggagctac aggaagtgac 3840
cetggggtgg gacctgggga catggecagg tcagcatggg gacacccegge tccagcagga 3900
gctetggtet gtectggggt ctttggggge agggctgcgg cectgggcag gcttecteca 3960
ggcggaggte ctggggaagt gggggagcca ggccagetge cgectecccee actatgtage 4020
atctgattcg tcatctctca tgaaggcgat ttggttcata actctgaaac tctgaaaaag 4080
gtcaaaagaa gcagagaggc cctecggtgga tatgccaget tttectgececgg tgctttetece 4140
cactactctg ggtggtctge tcectectette aaacctcage tcgcagggag ggcctgaatce 4200
tgccageccce tcaggatcte cttecectetg ggecectecce agecttaagg agectceccag 4260
acagaagggt ggacagagcc acctgggcag cccgagagac acacgggggt cctecctgtg 4320
gacagccetg ccagettcecceg cccagceectg agcettcattt gecatcttgag gagtaagggyg 4380
tggtgaaatg ggaatgctgg tcectggctcag ctggtcgtgg gcataagtge ccgctgaatg 4440
gatggcatct ctcecctectg tettatgtte tggggtccag gtgcttceccca gggccatgece 4500
cctgctgeta atgcttgecce taacccttac cctaaccage gtccagegte gtcectcaccga 4560
gccgtaaata aatcaacaga ttcgcattgt caaaaaaaaa aaaaaaaaa 4609

<210> SEQ ID NO 9
<211> LENGTH: 116

<212> TYPE:

PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 9
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50

Met Thr Pro

Leu Ala Gln

Cys Phe Asn

35

Thr Arg Thr
50

Val Pro Arg
65

Ser Thr Thr

Ala Thr Pro

Trp Gly Leu
115

<210> SEQ I
<211> LENGT.
<212> TYPE:

Leu Leu Thr Leu Ile

Ala Leu Asp Cys His

20

Pro Met Arg Cys Pro

40

Tyr Tyr Thr Pro Thr

55

Cys Phe Glu Thr Val

70

Ser Cys Cys Gln Tyr

85

Ala Thr Leu Ala Leu

100

Leu

D NO 10
H: 4724
DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 10

dgggcecgggy

dgggcegggac

acacacagac

gactcccagg

tagaccagga

ggatcctety

ccacgetgec

catgggctta

ctgettcaac

ctacaccccce

gtatgatgge

cggcaccgge

ctggggtete

actgctacac

tcagccatge

cacgacctca

ctttgatggyg

aggcagggag

gagaggccce

ccgcaggtgg

ttcctactga

ctttggcace

aggggagggag

tcgggtecag

caggcctggg

tgggetggge

acgcctacga

cgcggeggta

gctccgggag

tgcgecacct

ctecetgectyg

cectetggece

cccatgeget

accaggatga

tactccaage

cttgccacce

ctctaaagec

cctegeacee

ccagggtcag

cttegaggec

ctgatcagec

cactgagcag

tgccteagte

ggtggtgggy

ggccaggagc

ggcecectgty

geggetetge

caaggggtgt

geggggectyg

ctgcggtgag

ttagactcag

cctecacggty

gcagggecegy

gagttggatc

cagccatgac

aggccttgga

geceggetat

aggtcagtaa

acgcgtecac

cggecacect

ccegaggeag

agctcaccct

gactgtgggc

ttgaccttte

cctegectgt

atgggagctg

tgccecetggt

agactcttag

tgccaggacce

ctaggaagtc

ctcagcagge

gtgtcctete

Leu Val Val
Val Cys Ala
25

Ala Met Val

Arg Met Lys

Tyr Asp Gly

Asp Leu Cys

90

Ala Pro Ile
105

cggtgagete
catcaggcga
gcaggcacct
gtgaaggtca
ccccacgtec
cagggctage
gecectgete
ctgccacgtyg
ggttgectac
gtcetgegty
cacctectge
ggcectggee
acccactcaa
gectcacect
aagaagacac
gatgctgtgt
ccagggetat
tggccaagec
gtgctgggge
gaggaaaggce
ggtacgggat
tgccaggece
cccagggecc

agtcaaaccc

Leu Met Gly
Tyr Asn Gly
30

Ala Tyr Cys
45

Val Ser Lys
60

Tyr Ser Lys

Asn Gly Thr

Leu Leu Ala
110

gegetgggeg
tgcggcacgg
accggegage
cagggttgca
tctgegeace
tgctgttgac
accctgatee
tgtgcctaca
tgcatgacca
ccecegetget
tgccagtacyg
cccatectee
gaacaaagct
ccacactece
ccgacctece
gggatcccaa
ttatggggag
caccttetygy
agggggaaga
tcctecagge
cagggctgtg
gagttggage
ccgaagtcac

cttgacgttt

Leu Pro
15

Asp Asn

Met Thr

Ser Cys

His Ala

Gly Leu

95

Thr Leu

ggctgtteeg
gtgctgceggyg
ggccgegggt
gcactcccag
accctgagtt
ctceccacte
tggtggtect
acggagacaa
cgcgcaccta
tcgagactgt
acctctgceaa
tggccacect
ctcgagacac
tgcgacctee
ccaaccacca
aagtgtcegyg
gggcccagte
gaagccctag
caaggaatgce
ctagtcacge
ggaggaggge
cacccectge
agaagcetttt

cccacceect

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440
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52

cacggggagy

tcctggacge

ggtccecccga

aggactgggg

tgggegtggg

gggtggggty

tgggtcecte

ccagetgggt

caacacgcac

atggggcatt

ccacctgace

ggcaggatgg

caggggagcc

cagggaatga

gttctgctee

dgagggggca

tcttetgeaa

gagggaagat

tgggcctgga

gagcaggace

cceecaccety

cagcgatgec

agaggctggg

ctcagecagyg

gtgatgggga

ggagctggaa

gectecttet

ctggetggec

ggcaggccca

ccggcagaaa

tgggteccce

ttatcttgee

acactagtge

ccagctgggg

aagcttaaaa

cctecagege

gcaccatggyg

catgggggta

catgccegag

gcaccaggcece

tgacceggec

gtcetggtee

gatgcgcgca

aaggcggagc

dggagggcgy

catcaccttce

gtgtggactce

caatccatcce

cgggggcgtyg

agtgctccca

tgacatatcc

cctgetggaa

gggtctccac

tggggctgge

gagtcttget

agggaccttyg

gggcatcata

ctceectege

ggeceggggt

caagtgccag

ttgggatgcet

agcagtcact

getgggaggy

ggagacctgg

gtgctgtggt

gtccaccttt

tgceccttgge

ctcatgggga

tcacagcagt

cactgcactyg

cctttgacag

ctectegete

ttccttggac

ggagaaaagt

tgcctetggy

ggcccagtte

gatgcccagg

tgactcagga

tgaagctgge

agcgctatte

ccaaccacag

caggetgggg

atgccaccct

agacccagec

cacctgggga

ccagggaccc

ccgatgcagyg

agaccttttyg

getetggtgt

atgtggtagg

attgcatcte

cccaggggte

tctgagtgee

gagggcacac

ggtgggaacyg

ctgggeccag

ccctaccececce

gtctgggagg

cctecagggea

taccgggagg

gegeggettyg

actccaggat

ccacccatgg

gttgaggggt

ccaccaccct

acctggegta

gtgcgtgget

aaacttgtcc

tggcecctgag

aggaggacac

actcaccacc

ccccaagect

ggaaccagag

tgcagggcag

ccactteggyg

gctagetgtt

gtggctgett

aggagctagg

tgggcaggga

caggacccag

gttgggagca

ctegtggeceyg

cctececcege

tgcacccact

caccccagge

tagcccaggyg

gtgccagegg

cctgagaaac

attgtccegyg

cagagcetttyg

tccttgcagt

cagcttcagt

ccagtteeeg

ggcccggagce

agctgggaag

agtggttgtg

ctgccaggty

gtgcccaaat

gaggcggett

cgcaagcceca

caggtectee

ctcaggggea

ggggtgggea

gacctgtece

gagcacacag

gtgcagcace

gggttgtatg

cactgtatag

agaggcacag

ccctgeacca

dggaaggggy

gtttgagaag

agtggcagag

gatctetete

gecactgtet

gggcgggcete

gccatgetat atttggtggg

gggaaagggg cagagcaggt

ccgagcaagg caaaagacgce

geetggggece ggegcegggece

tgcgggggcg ggagtgggga

agcgggatge gcacagtgag

gggagggcag ggtggaagece

ctgggaagca ggggtcagec

agcacctgee cctgetgtga

tcacgctgeca cctgaggece

ccttcaagee atcccgeatg

ccccaaagta tggecctggt

atgcaggacc cctgggggat

gagtctatat gcaggcctge

ctcctgagaa catgaggatg

ctggaggagg acagtgccag

gggaggaacg tgactcccca

gagttgctge cagcacaggg

getgtagece taagectgga

ccteccagag cteccaaggyg

gaggcectet cagctgcage

tgggctccta agtccttggy

ttgtcgggtt gggtggette

ctgtctegag tctcagtggy

getgagaaca aggacctgcet

gettetcaca cctgectect

agccccacac atggttetge

aaggcactca gctaatgetg

agggaaccgg cacagcagcg

catcaaggtyg gcgatggacyg

cagcceggea atgggageca

ggaggtgaag tagctgccce

cagtgcagcce gettetececa

aggtgagttt acaaaatgga

ccctgagtgyg tagagtaagyg

gagaggggga gaggcactgg

gcagaaccga gggtccectt

gtgtggacct gagtcctgga

tgtcacccta ggatgttata

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640

2700

2760

2820

2880

2940

3000

3060

3120

3180

3240

3300

3360

3420

3480

3540

3600

3660

3720

3780



US 9,345,696 B2

53 54
-continued
cattctggga actggacagg agtggctgct tgggcgggct ctggcaccct gggatgttat 3840
acattctggg aactggacag gagtggctgce ttgggtgggce tcectggcacce tgggatgtta 3900
tacattctgg gaactgcaat cagccactag agaagtcgga gctacaggaa gtgaccctgg 3960
ggtgggacct ggggacatgg ccaggtcagce atggggacac ccggctcecag caggagctet 4020
ggtctgtect ggggtectttg ggggcagggce tgcggccctyg ggcaggcttce ctecaggegyg 4080
aggtcctggg gaagtggggg agccaggcca gctgccgect ccecccactat gtagcatctg 4140
attcgtcatce tctcatgaag gcgatttggt tcataactct gaaactctga aaaaggtcaa 4200
aagaagcaga gaggcccteg gtggatatge cagettttet gecggtgctt tetcccacta 4260
ctetgggtgg tetgctctece tettcaaacce tcagcectegca gggagggcct gaatctgeca 4320
gccectcagg atctecttee ctetgggece tccccagect taaggagect cccagacaga 4380
agggtggaca gagccacctg ggcagceccga gagacacacyg ggggtcectee ctgtggacag 4440
ccetgecage ttceccegeccag cectgagett catttgcate ttgaggagta aggggtggtg 4500
aaatgggaat gctggtctgg ctcagctggt cgtgggcata agtgcccget gaatggatgg 4560
catctctece tectgtctta tgttcectgggg tceccaggtget tecccagggece atgcecccecctgce 4620
tgctaatgct tgccctaacce cttaccctaa ccagcecgtceca gegtegtcte accgageccegt 4680
aaataaatca acagattcgc attgtcaaaa aaaaaaaaaa aaaa 4724
What is claimed is: 30 17-year-old human subject having amblyopia an amount of

1. A method for treating an 8- to 17-year-old human subject
having amblyopia, the method comprising orally administer-
ing a therapeutically effective amount of donepezil to an 8- to
17-year-old human subject having amblyopia, thereby treat-
ing the subject.

2. A method for treating an 8- to 17-year-old human subject
having amblyopia, the method comprising orally administer-
ing a therapeutically effective amount of galantamine to an 8-
to 17-year-old human subject having amblyopia, thereby
treating the subject.

3. The method of claim 1 or 2, further comprising admin-
istering to said subject an additional cholinesterase inhibitor.

4. The method of claim 1 or 2, wherein the administering
results in a decrease in the levels or an activity of Lynx 1 in the
subject.

5. A method for increasing the plasticity of a primary visual
cortex in an 8- to 17-year-old human subject having amblyo-
pia, the method comprising: orally administering to an 8- to
17-year-old human subject having amblyopia an amount of
doneperzil sufficient to decrease the levels or an activity of
Lynx1 in the subject, thereby increasing the plasticity of the
primary visual cortex in the subject.

6. A method for increasing the plasticity of a primary visual
cortex in an 8- to 17-year-old human subject having amblyo-
pia, the method comprising: orally administering to an 8- to
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galantamine sufficient to decrease the levels or an activity of
Lynx1 in the subject, thereby increasing the plasticity of the
primary visual cortex in the subject.

7. The method of claim 1, wherein the subject is 10 to 15
years old.

8. The method of claim 1, wherein the subject is adminis-
tered about 2.5 mg donepezil per day.

9. The method of claim 1, further comprising patching of
an unaffected eye of the subject.

10. The method of claim 4, wherein the activity of Lynx1 is
the ability of Lynx1 to bind to a nicotinic acetylcholine recep-
tor or reduce nicotinic acetylcholine receptor sensitivity to
acetylcholine.

11. The method of claim 2, wherein the subject is 10 to 15
years old.

12. The method of claim 2, further comprising patching of
an unaffected eye of the subject.

13. The method of claim 5, wherein the subject is admin-
istered about 2.5 mg donepezil per day.

14. The method of claim 6, wherein the galantamine is
administered daily.

15. The method of claim 6, wherein the subject is 10 to 15
years old.
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